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Introduction. 

This paper deals with part of the work initiated after a visit 
to Australia* where the lack of any means of control of the Sheep 
Blow-flies is painfully evident., As some of these probably came 
from England, it seemed desirable to study the natural checks 

• Communicated by Prof. Leeroy, * 

Proc. Zoom Soc.—1920, No. XT. 14 
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tlrnb keep down the pest*: lmrc: and the accidental discovery at 
the Bnciehy's Gardens of three iniportant cheeks gave the. work a. 
skirt, In this communication two Hymeuopteroiis pa ins I tea are 
discussed : other para.sites are under investigation. 

Acknowledgments are due to the Australian (don mi on wealth 
Government for a small grant to assist the work. 

H. M. LHJMiOY. 

A Short Account of the Start of tiie Work. 

About the last week in June Prof. Maxwell Lofrov gave the 
writer a tin containing approximately 1500 Dipterous puparia 
to breed out. These had been forwarded by Miss (heesman, the 
Society’s Assistant Curator of .Insects. 

The contents of the tin wore divided into five lots, and put into 
an.‘equal number of jaws containing damped soil. The jars were 
covered with muslin. (At the outset, it should he explained that 
occasional damping of soil was necessitated by the fact that the 
soil was kept in sacks in the laboratory, and consequently any 
moisture originally in it soon evaporated.) 

Adult Hies began to emerge a week later, and continued to do 
so for a period of six or seven days. They were identified as 
Calliphora ert/throwphala Meig. 

The jars containing the empty puparia and a large number 
of intact puparia. were then put a,side. They were occasionally 
examined, -and on 14th July the first jar inspected was found to 
contain an active Hymenopieron, which upon closer observation 
appeared to be a, female Bniconid; the examination of the other 
four jars showed that three of them also contained specimens of 
the Bmeonid. As the remaining jar did not contain any Bracomd, 
the contents were emptied and carefully examined; all empty 
puparia were separated from those which wore still intact., and 
six of the latter were opened, with the result that two were found 
to contain fully-formed flies which had failed to emerge, another 
a. shapeless, smelling, moist mass—an atrophied liy-nymph—and 
the other three contained Braeonids, one in an early pupal state, 
the others fully-formed adults apparently ready for emergence, 
free of the pupal skin, and wings fully expanded 

With the appearance of this parasite, breeding experiments 
were commenced. The Braeonids were released in a, muslin- 
covered glass cylinder, which was placed in a large tray containing 
soil. Food was put in. 

Blow-fly lame and eggs weie obtained by exposing mea t at the 
Zoological Gardens and on the balcony of the Imperial College of 
Science, South Kensington, and a test made to ascertain if the 
, Braeonids would parasitize the lame., The test was satisfactory, 
and one female began ovipositing one minute after the admission 
of the lame, and in 25 minutes five females were at work, 

# Both insects crawled out of their opened puparium; one ufc once pas-sod the 
meconium and discharge, the other did not': both were males. The former lived a 
; norma! period, the latter was dead on the second.day. 
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Numbers of the para,site were emerging from the jars at this 
time, and a, large cage was brought into use to contain them. As 
it was desirable to obtain as many adults as possible, a search was 
made at the Society's Gardens at the spot where the original 
material was found, and a further supply of puparia obtained. 
Whilst sorting out this material preparatory to putting the intact 
puparia into jars, a number of Chalcids were observed crawling 
about on the soil. Most of these were captured. A closer scrutiny 
of the puparia disclosed minute holes in several and Chalcids 
emerging from some of them; it was also noticed that a few 
puparia showed that Braconids had emerged from them. In view 
of the appearance of this Ohalcid, each puparium—they were 
of a, (JaUiphora species and presumably eryihrace/>Jtala, the same 
species as the (lies—was placed in a separate tube. 'Both para¬ 
sites continued to emerge from this material daily for a period of 
twelve days. 

As no Chalcids appeared from the original material, which had 
been in the jars for nearly a month, it was evident that they 
had carried out their attack after the original material had been 
removed; and as this consisted entirely of puparia, it seemed 
reasonable to assume that this Ohalcid parasitized the pupal 
stage. This supposition proved correct, and will be referred to 
later. 

A constant supply of blow-Hy material for parasitization was 
maintained by putting small receptacles containing meat out in 
the open and placing it under control as soon as eggs had been 
deposited on it. No opportunity occurred at this time to obtain 
meat blown by flies of definite species under control ; but with 
this object in view, small quantities of the larva? from each lot of 
blown material were segregated and allowed to develop into 
adults, when their species wore determined, and they were then 
placed under control in separate cages. 

In the hope that the Brneonid was still about, and in order to 
obtain large numbers of them, receptacles containing soil and 
meat were put out in the vicinity of the spot from which the 
original material was obtained; this, Miss Oheesman kindly 
undertook to do, and the receptacles were left in the open until 
the blow-ily lnrvte had commenced pupation, when the material 
was removed to the laboratory to be bred out. It was at once 
observed that the large parasite was still about. It was seen 
to come to the receptacles and to attack the larva?. Whilst 
this was being done, Prof. Lefroy put receptacles out at Heston 
to see if the parasites could be obtained hi this locality. Only 
the Brneonid parasite appeared from the latter place. 

All lots of material obtained from BegenPs Park and Heston 
were bred out to observe if any parasites other than the Brneonid 
and Ohalcid made their appearance : none did. 

By the end of August'large numbers of the parasites Were, in, 
the"cages in the laboratories and' extensive' ■ breeding' 
in-progress, and every effort; was made to maintain a ; constant 
■; ' , , • , ' . ; , ': '.A ", ; a 
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supply of active parasites so that by the end of the year there 
would exist, a large stuck of hibernal ang materiel. 

It wa,s not until October that the writer took specimens of the 
parasites to Mr. J. Waters ton at the Natural 1 history M nsenm 
for identification. The lira con id was identified as Afysia hUfnda 
cakor Banz. and the Uhalcid as Xasmna brericornU Ashni. 
Mr. 'Waterstou kindly brought to the writer’s notice a, paper by 
Graham-Smith (1) in which these parasites were referred, to. Up 
to tins time no reference to the BracomM was known, a,nd that 
the Ohaleid should prove to he Xasoviu hmieornis was not 
anticipated, especially as the illustrations in Australian publica¬ 
tions in the writer’s possession depicted a female of this species 
walking with an extruded ovipositor, a. position which it only 
assumes in death. 

BnKKMNG MET1101)8. 

After the first lots of the parasites had completed their work, 
the several species of blowflies, which had been obtained from the 
meat exposed in different localities, were segregated. 

The species obtained were :— 

Blue Bottle. Cftllt'p7wmf , )'tffJirocep7iftto ill rag. 

,, . ,, rouriIona Linn. 

British Sheep Maggot-fly ... Lneilia sericata Meig. 

Green Bottle ... „ casar Linn. 

Green Bottle.. Phormia graiilandwa Ztt, 

In addition to these, the Common House-fly, Musm dxmmlka 
Linn., which i,s constantly bred at the College, was available. 

Upon Prof. Lefroyls advice as to the best medium in which to 
breed the larvae, ox liver was used, and found very satisfactory. 
A somewhat important point in this connection was that, liver 
could be procured easily as it did not fall within the scope of Lie 
“ Meat Rationing Order.” 

The liver was cut into small pieces, placed in glass receptacles 
and put into the cages containing the different species of “ blow- 
flies.” As soon as it had been Mown-—that is, eggs deposited on 
it—the receptacle was withdrawn and emptied into a, glass dish, 
in which additional pieces of liver were put when the eggs 
hatched. The receptacles wore refilled and put hack into the 
cages when more eggs were required ; this method was continued 
as long as larva* or puparia have been required. The glass dishes 
with the newly-hatched larvae were placed in huge trays of 
T8 inches diameter and 4 inches height, and which contained finely 
sifted sand or soil to a depth of 2 to 3 inches. It was found that 
the full-grown larva* invariably crawled out of the glass dishes, 
and after roaming about on the sand, proceeded to disappear and 
pupate. 

This method of breeding the blow-flies was successful with all 
species except Lmilia sericata; the original lot of these were 
obtained from the fleece of a “struck” sheep. A. piece of sheeps 
skin was obtained consisting of the , tail and the whole of the anal 
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twp.ii with a quantity of thecas adhering to it, and was placed on a 
piece of liver on line damped soil in a, tray; artificial heating was 
applied, and the species was successfully reared by this means. 

Several methods of presenting the lame for parasitizntion were 
tried, the original object being the attainment of those conditions 
in which they would be an easy prey for the Braconid’s attack. 
It was found that free lame severely damaged the females, so 
that it became necessary to reproduce conditions as nearly natural 
as possible. 

In the case of the Chaleid, host puparia—in a. proportion of 
20 per female—were placed in small receptacles in the cages and 
left there for ten days for para situation. The puparia were 
obtained from the trays by sifting; this rough handling did no 
a pprecial )le damage. 

The breeding operations were in progress from July to the 
end of December; from July to the middle of September all lots 
of parasitized material were reared to maintain supplies of parent 
generations for the cages; after this period the parasitized 
material was exposed on the balcony of the College to hibernate 
and form the necessary stock for shipment. 

Life-History and Habits of Airsrj maxdccatoh Pare,, 
axd Hosts. 

Introductory.—Abjzia munducator Panz. was selected by 
Latreille as the type of his genus Alysia, and belongs to the group 
Exodontes of the family Breconida\ 

It should he noted that the following account is mainly based 
upon observations of this insect in captivity; opportunities to 
observe it under natural conditions were very limited. 

The Length of the Life-cycle, —The length, of the life-cycle from 
egg to adult is, under suitable conditions of temperature, from 
33 days and upwards, with a mean average of 52 days, but varies 
considerably for some reason even amongst those of the same 
parent and under the same conditions. Table I. shows this 
extraordinary variation, and refers to nine lots of material para¬ 
sitized in the laboratory. Gra ham-Smith (1) records an instance 
in which the life-cycle took only 25 days. 

The Egg-- The egg (text-tig. 1) is very small, cylindrical, 
tapering, and broadly rounded at one extremity, broadest at the 

Text-figure 1. 



Egg of A, man&ucator, from ovary. Size "675X150 mm. X6L Original. 

other'with the m icropy le narrowly attached and. having the 
appearance of a large protuberance. It is just visible to the 
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Table I.—Showing vorintioris in length of life-cycle* 
A itjsia wa-iuhi-crSor, 



Tliasj contents, of 'No. i Jar took to complete cycle B3-58 days ■; No.. 2, 51-55 clays ;. No. 8» 
50-57 days; No. 4, 51-58 days'; No. 5, 53-55 days; No, 6, 49-55 days; No *% 44-68 daya;, 
No,%4Sr57 (Kays; No. 9,40-69 days; giving ageneral average of 46|-50 days with, a jftjjkjh' 

ftyeragi'pf 62, ; ' , '' . /■ y' y ■■ 1 s .. -v': i; -: ■■■•" ' 
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miked eye. It is translucent white, with a smooth glossy surface. 
The time required for the egg to hatch varies, aud io an investi¬ 
gation into this point active first instar larvae were found in the 
hosts, which had pupated 156 hours after the eggs were deposited, 
the temperature during this time being 20° 0. But, that the 
egg hatches in from 30 to 50 hours generally is obvious from the 
condition of the host pupa, which is either in a state of histo¬ 
lysis or an early stage of histogenesis ; and also by the occasional 
distorted appearance of the host pupariurn. The egg is deposited 
in any part of the larval host, and this lack of discrimination 
accounts for the non-appearance of the parasite on occasions. If, 
for instance, the egg was lodged amongst muscles, it would be 
crushed by the movements of the host larva; this point is 
mentioned again under Oviposition. 

The Larva .—The first instar larva (text-fig, 2) differs in 
appearance from the later instars, particularly in the shape and 
appearance of its head, which is a thickly chitinized brownish 
capsule fitted with a stout pair of mandibles, and has a pair of 
small protuberances on the dorsal surface, the antennae. It 


Text-figure 2, 



First instar larva of A. mawlueator. Camem-luoida drawing, partly 
reconstructed. X41. Original. 

consists, apparently, of 14 segments including the head; the 
abdomen terminates in'a “ tail ’’-like appendage, the, abdominal 
vesicle. A similar organ in Mieroy aster, and other endo-parasitic 
Kymenoptera., Gntenby (5) concludes is respiratory in function. 
That this is the function of this organ in A. memdveator appears 
very probable, and it presumably functions by means of osmosis. 

Since the larva sometimes hatches in the body of its larval 
host before histolysis has begun, its head seems well adapted to 
enable it to move in the host pupa if it hatches-—as it usually 
does— during the process of histolysis or that of histogenesis. 
What part of the host forms the food of the various instars 
has not been observed, but it must consist of liquid or semi- 
liquid, and in the first instar would probably be the body-fluid 
and fat-bodies; and the later 'instars would feed om:th6s«y 
systems which have ceased" breaking down dr building, pp: after 
the' original attack of the first Shstar laiva. That the larva 
sometimes hatches before the host pupates is evidenced by the 
fact that a pupariurn containing the oceasionally a 
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distorted appearance—indicating the severance of a muscle hi* is 
shrivelled and excessively wrinkled <lextdig. Kp 

The first instar larva, with the exception of its brownish head, 
is translucent white and glabrous throughout; the integument is 
very so Ft ami easily damaged. 

Text-lig. illustrates a larva, of the second insiar, in which Mat 
capsule head has disappeared and has given pla.ee to one the type 
of which remains constant in the later instars. Tim particular 


Text-figure 3. 



Second instar larva of A. at and am top. Greatly magnified. Original. 

larva illustrated was removed from a, Oa/l ip/tor a sp. pupa nuns, 
and was placed in a watch-glass containing three macerated Jlv- 
nymphs with a few drops of water added to reduce the density, 
and with the aid of a microscope it was kept under observation 
for more than Imlf-au-hour whilst Feeding. The larva remained 
quite motionless during this time, its mouth-parts alone were 
constantly working; no movement of the mandibles was observed, 
but the extensive lip-like labium was seen to be continually 
moving with a “rippling” action whilst the liquid was being 
absorbed. The abdominal vesicle has proportionately shortened. 
The mid-intestine now shows up clearly, swollen with food and 
giving a, pale yellow colour to the larva. 

The intermediate instars show no superficial difference From 
the second, beyond the shortening of the 44 tail ’Mike abdomina l 
vesicle and the increase in the size of the larva and corresponding 
swelling of the mid-intestine. 


Text-figure 4, 



Pull-grown larva of A. maud orator. Greatly magnified. 

Length 4*25 mm. Original. 

Ike last .instar larva (text-tig. 4) differs from the preceding 
instars in that —with the exception of the cephalic and posterior 
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segments—the integument is covered with {‘me seta* and scattered 
sensory hairs (text-fig. ;*>). The month-parts of this stage are 
well defined (text-fig. (>). The posterior appendage has almost 
disappeared; easily \ isihle just under the integument and scattered 
about, in the abdominal region are large white particles. The 
spiracles, which are of a. very simple struct ure, mind ter nine pairs, 
a,ml appear on the second thoracic and first eight abdominal seg¬ 
ments. There appears, on either side, a small main trachea with 
segmental branches. 


TextTgure 5. Text-figure (b 



Text-fig 1 . 5,—Sehr and sensory hairs on portion of integument of full-grown larva 
of A. mamlncatnr. Greatly magnified. Original. 

Text-fig. 0.—Head of full-grown larva, partly reconstructed, camera-lucida drawing. 

X 25. Original. 

.During all the larval stages the mid-intestine is closed caudal! y, 
and it is not until the emergence of the adult insect that the 
residuary and undigested food-matter is voided. 

Tin*, last instar larva, has, on several occasions, been observed 
Feeding upon the liquid remnants of its host, having at some stage 
pushed the trachea* of the host to the sides of the puparium; 
the latter being lined with the fly-nymph \s pupal skin. It 
seems only reasonable to assume that ehitin, represented by the 
integument, of the fly pupa,, and the main tracheal trunks of 
the blow-fly larva, which, remain constant in histolysis do not 
form part of the larval diet. This postulation, if correct, would 
exempt the Bra corn'd larva from the necessity of eating its own 
cast larval skins. 

Before the pro-pupal stage, the thud ihstnr larva-- which by 
this time completely occupies the pupumun of its host—spins a 
silken cocoon, which either adheres (a) to the thick eliitanked 
walls of the puparium, or ( h) to the stretched integument of the 
fly pupa, and which generally is caused to adhere to the walls of 
the puparium. In (a) the absence of the fly-pupal skin would 
be accounted for by the first in star larva having started its 
attack before the host larva had settled down to pupate or 
before histogenesis had started, and (6) after histogenesis had 
started. So that the texture of this cocoon or lining to the 
puparium is not always the same, the external portion of it—that 
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which is iu contact with the fly puparium—may he silk or pupal 
integument, and in those cases examined the trachea,! system 
was visible either outside the silk or between the silk and pupal 
integument; no east skins however were detected, the search 
-was not very thorough. Sometimes the cocoon with the ily- 
pupal integument shows the outline of the (iy-nyuiph’s legs etc., 
indicating late hatching of the egg and after histogenesis had 
proceeded some time. 

The spinning of this cocoon raises an interesting point as to 
the means whereby the larva, which appears to till the puparium, 
is able to move about within it, to accomplish the task of covering 
every part of the inside, and also of absorbing the liquid remains 
of the fly-nymph, taking into consideration that its intestine is 
now tilled with a semi-solid mass of undigested fly-pupa. It has 
been observed that tiie spinning of the cocoon reduces the size of 
the larva to some extent, but observation has not definitely 
established the means adopted ; some larvae have been found 
contracted into a small compass as though able to revolve within 
the puparium anti thus change their direction, whilst others 
appear to be working iu the manner common amongst silk- 
spinning Lepidapterous larviu. The latter method is the most 
probable, and is supported by the appearance of the larva. 

The lining strengthens the puparium considerably, and is a 
sure indication of the presence of the parasite in its last stages. 
It is weakest at the anterior end of the host puparium, where the 
ehitinized mouth-parts of the blow-fly larva form an obstruction. 

The length of larval life in the different in stars appears to vary 
considerably, but no details were obtained; in one instance, 
however, a full-grown larva was found in a puparium 18 days 
after the egg was deposited. This is the shortest period recorded. 
On the other hand, some intact puparia, which were from a lot 
parasitized on tith August, were opened on 26th November, 
and 13 were found to contain full-grown healthy larvag 112 days 
after the eggs were deposited. The final instar larva, is the stage 
where the great variations in the life-cycle occurs. The time 
taken to pass from this stage to that of the pupa varies from a. 
few days to many months. This point has been observed by 
Graham-Smith (1), who also observed in 1915 that from material 
parasitized in 1914. •* the individuals emerging in the spring 
were much larger than those which emerged in the autumn.” 
This and the observations made during the course of this work 
have caused the writer to form the opinion that among the 
factors responsible:—beyond the question of food-supply—is that 
of the size of the host puparium. The integument of the 
puparimii of an undersized blow-fly larva is much thinner than 
that .of the full-grown larva, consequently the parasite within the 
, former i> more susceptible to the variations of the temperature, 
which alone would retard development. 

In size the full-grown larvae vary considerably, but this is 
naturally dependent upon the size of the host. 
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The pro-pupal stage, i e. after spinning the coco or-, mav last a 
few days or several months. In two specific instances observed 
the pro-pupa- changed to the pupa, the one 2 days after it was 
exposed in the pu pari mm the other 5 days after. 

Some hibernating larva? from the stock have been observed in 
pupariuni which they had not yet lined, although four months 
had elapsed since the date of oviposition. 

The Pupa, —The pupa (text-tig. 7) is loose within the cocoon, 
and is capable of slight movement. The meconium now appeals 
to become slightly compressed, due to the process of meta¬ 
morphosis. 


Text-iigure 7. 



' Lateral am! ventral aspect of j.'uj.u:- of A. annuliirntnir. Greatly rmmmikL 
Tlw figure on left a few days oVk-r than that on right. Original. 

During the whole pupal stage the afore-mentiuned large white 
particles are visible, at first scattered about in the abdomen and 
later can be seen between the tergites and sternites. 

The pupa., which is glabrous throughout, is, at first, creamy 
white with reddish-brown eyes and ocelli, in a few days the head 
and thorax turn grey, gradually becoming black; meanwhile, the 
sternites and tergites—widely separated over - the distended 
abdomen—begin to turn grey, and the eyes and ocelli darken; 
the legs and antenna 4 similarly begin to show the coloration of the 
adult, likewise the mouth-parts. The last larval skin splits across 
the head dorso-ventrally backwards, and then apparently slips 
back to the apex of the abdomen, from which it is disengaged by 
movements of the abdomen and anfenme of the male or the 
ovipositor of the female. In no instance has the larval exnvium 
been found attached to the pupa, but lying in a crumpled mass 
beyond the apex of its abdomen. 

The length of the pupal stage was. in two specific, instances, 
found to be 7 and 10 days respectively with a mean temperature 
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of *21" 0.. Out lengthens considerably in a low temperature ; 
although this will not delay indefinitely Hie emergence of the 
adult, which either emerges upon the slightest increase in the 
temperature, or, in the event of a. steady and prolonged 
decrease, dies within the puparium. 

The Adult .—The adult emerges from the host puparium and its 
cocoon by breaking away that part directly in contact with the 
head (text-tig. 8). It is furnished with a. very powerful pair of 
mandibles (text-fig. 9, a) beautifully .adapted for the work in 
hand. It breaks away the cocoon and puparium by an outward 
movement, and does not bite the obstruction. Text-tig. 9, b 
illustrates the outline of a section through the centre of a inau¬ 
dible, and shows its scoop-like appearance ventvo-dorsnlly. In 


Text-figure 8, Text-figure 9. 



Text-tig. 8.—Shrivelled and wrinkled pupai-ium firm which Ah mamhwator lms 
emerged. <treatly magiutifd. Original. 

Text*tig. 0.—(n) Left mandible nf adult, fid Section through centre of mandihle 
of adult. X 41. Original, 

the outward movement of the mandibles a small fracture appears 
on the puparium, generally between the second and fourth 
segment, gradually increasing in size until the perfect insect Inns 
created an aperture large enough to enable it to escape. Obser¬ 
vation has failed to disclose any use for the mandibles other 
than breaking out of the host puparium, which operation, when 
in progress bv several insects, has been distinctly audible by 
putting the ear over the mouth of the jar in which they were 
confined. It is worthy of note that the mechanism of the man¬ 
dibles must be diametrically opposed to that of most insects, 
but upon consideration it seems obvious that by no other means 
could so large a parasite escape from the puparium, which presents 
to it a concave surface. 
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The aperture made in the pupamuu is usually just htrare 
enough to allow the insect to extricate its head and auivnua-. 
thorax and legs, and part of the wings and the base of the abdo¬ 
men, when by the pleasure exerted against the distended 
abdomen, the voiding of the meconium is assisted, and is either 
accompanied or followed by a white discharge—trie white particles 
previously referred to,—which instantly dries and Las a cement- 
like appearance. This substance, upon analysis, has been found 
to contain sodium hydroxide, but whether some of this is used 
to soften the silk has not been established. The compressed 
meconium, which is a deep black-brown rod, is completely 
enclosed in a- sac of integument, which resists boiling in caustic 
potash, giving the impression that it is chitini/ed and probably 
the larval mesenteron, which during metamorphosis lias become 
(dosed at the anterior end and compressed. 

In some instances the exit-hole is made too large, and the 
adult appears with its abdomen still distended ; then by constantly 
passing the tarsi of the hind-legs along it, it exerts sufficient 
pressure to enable it to void the meconium: this method is not 
always successful, and results in one or two days in the death of 
the insect. Flight is impossible with the meconium tin voided, 
although vain efforts. to rise have been observed. In some 
instances the transverse cut made with the mandibles is extended 
so far around the puparium that, on emerging, the insect com¬ 
pletely breaks off the top of the puparium. Emergence generally 
takes place front the cephalic end of the puparium, but in several 
instances it lias been observed that this was accomplished from 
the posterior end. 

The wings are always fully extended before the adult attempts 
to break out of the puparium. Only in a very few eases lias it 
been observed that the wings have become damaged and torn by 
the jagged edges of the emergence hole; this condition is generally 
accompanied l>v injuries to the soft integument between the 
abdominal plates, resulting in the death of the insect in one to 
two days. 

Examination of in met puparia some time after the emergence of 
the parasites has shown that for some reason unascertained!—not 
due to temperature—a small number never succeed in escaping, 
whilst a few have been found with the cocoon-lining too thick to 
extricate themselves. 

Nothing of the pupal ex avium of those insects, which, void the 
meconium whilst escaping, can as a rule be seen ; it is generally 
buried under it, whereas the others are usually fount! with "it 
attached to the apex of the distended abdomen. Males emerge 
before the females. The greatest emergence of males is from 
3 to 4 days earlier than the females. 

The Sexes.—Size :—The size of the adults varies considerably, 
but is, of course, relative to the size of the host., The measure¬ 
ment of several discloses a range of from 2| mm. to 6.j nun.in 
length. 
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General appearance .—The unties (tcxt-iig. 10) are easily 
distinguished from the females l»y their long antenna?, which are 
approximately equal to the r*v<.-r-si»L length of the insect from the 
irons to the apex of the wings when in repose, ami which extend 
heroiid the apex of the abiiomen. The ovipositor is barely visible 
when the insect is looked at from above, but can be seen when in 
a lateral aspect. Both sexes are si lining black, with rufous legs. 


Text-figure 10. 



t'oneting and Mating .— This takes place very shortly after 
emergence, but never occurs unless the meconium has been voided 
some time. 'When seeking a mate (in the cage) the male moves 
rapidly along, violently swaying the antenna* and vibrating the 
wings, which are opened as in flight. Mating lasts about 
H minutes, but was not frequently observed. The sex attraction 
is only evident in the male, ami when newly-emerged females 
were admitted to the cage, males eagerly sought them. The 
female evinces little interest in the male and can easily repel it. 
The males make no distinction between virgin and fertilized 
females. 

I-light .— Both sexes are capable of sustained flight. This has 
been observed in the cage, and on fine days it appeared as if all 
were on the wing.” . Any which escaped from the cages or 
when handling were generally instantly out of reach and through 
the open skylights. Those observed around baited receptacles 
in the open appeared to come from all directions; this is con¬ 
firmed by Marshall (quoted under 0 id position). 
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Qr‘ipo?ktfi»u —Females <lo not begin ovipositing until $ day or 
so after emerge nee. a ml irrespective of \vl -ether they Lave mated 
or not; a few have been observed trying to uvipo.fft before 
voiding the meconium. 

The ovaries are large and well filled with eggs. A disseetion 
of the ovaries of 12 females gave an average of Labi eggs per 
female. The greatest number eo: m ted in a single female was 41b. 
Graham-Smith (4) records a female with ovaries containing 
"at least a40 eggsg Titl'de II. gives the derails of the count, of 
the contents of individual ovaries:— 


Table II.—Contents of Ovaries of 12 females. 


FemaVs. 


( Xo,:Xu. Xo.'Xo. Xu. Xu. Xu. Xn.'Xo. X<>. Xc. Xo. 


{ I, 2. 3. i 4-. 5. 6. 


s. o. 1 io. ,ii. ir. 


Total. Atoraav. 


J- 412 i 375 40$ 136s 352 32s : 303 116:332; 325 33$ 317 4304' 3O0T6 


Oviposition takes place in the larva of the Mow-dy (G-xt-lig, II); 
half- to full-grown larva.* are usually selected. In the cage the 


Text- figure 11. 



Female A. mamlucator ovipositing in larva of Vhormkt grmihwAictt. 

^ Greatly magnified. Original. 

eliemotropic effect of carrion was—when the atmosphere was not 
charged with the odour—almost instantaneous upon the females; 
they became violently agitated, swaying their an ten imp and then 
might proceed to clean themselves, particularly tlie^ antenna, 
and the abdomen centrally in the region of the ovipositor, and fly 
to the carrion, or reverse the procedure and 'ffv oyer,,and OAxnmif' 
the receptacle containing it and the larva?,■ and then alighting #■&$' 
hy, go through the. eleanihg'. process, 'pit .isp of 
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that the sense-organs in the antenna:* ami the palps of the 
ovipositor ]an 1 suddenly received the odour of the carrion and 
stimulated the insect to oviposit. The males are also attracted 
by carrion—apparently a sexual tropism to enable them to locate 
the females. Marshall ( 3 ) observes:—“ They '* (both sexes) 44 scent 
the aroma of carrion at a surprising distance, as 1 once had 
occasion to observe in watching the remains of a dead rook, upon 
which they descended in constant succession, apparent!}' from the 
sky, like vultures. The males generally alighted on blades of 
grass close to the attractive object, as if to wait for their 
partners, without interrupting them in their unsavoury occu¬ 
pation.'' 

As soon as the females have alighted, they begin their search 
for the larvae, and if the initial effort to insert the ovipositor is 
successful, they remain depositing eggs until they die, either from 
exhaustion or because their task is completed. A few have been 
observed to leave the lame and go in search of food and not 
return the same day. 

Only one egg is depositor] in each larva by an individual 
female, at least, under conditions which are approximately 
natural —L where the larva has means of escape by disappearing 
into the meat or earth. 

The ovipositor is inserted diagonally under the integument of 
the larva when the attack takes place in the thoracic or 
abdominal regions. The larva makes every effort to escape, 
wriggling and squirming, and frequently damaging the female. 
These frantic efforts to escape are put an end to by the effect of a 
poison injected with the insertion of the ovipositor. The 
immediate effect of the insertion of the ovipositor is to cause the 
larva to vomit and void. The poison produces a paralyzing 
effect, and causes the larva to contract and then lie motionless 
whilst the egg is deposited. This operation varies in time, and 
may take 30 seconds to 5 minutes*—the more exhausted the 
female is, the longer it takes. 

The '"temporary paralysis” of the larva lasts from one to two 
minutes, so that when an exhausted female debit’s the with¬ 
drawal of the ovipositor the larva endeavours to release itself; 
normally though, when the ovipositor is withdrawn, it is still 
motionless, and remains so for some seconds. The female then 
moves off in search of another victim. The first movements of 
a larva recovering from the 44 temporary paralysis” are to extend 
itself to its full length, and then, still slightly under the influence 
of the poison and the unpleasant ovipositor, it goes through a. 
series of extraordinary convulsive and constrictive movements, 
which ripple the integument either from the cephalic to the 
anal end or vice versa, as though it was endowed with intelligence 

* One female, which hud art oviposited in more than a dozen larva*, was observed 
to retain the ovipositor withm a larva for 21 minutes, and as the initial dose of 
poison did not suffice to keep it motionless, further doses were apparently 
administered each time it moved. Needless to say, this larva died. 
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iind was trying to .s-Fce/e am! itumi the A A- ^ion n>, this 
ceases it hastily t:Arape;ms into tho soil or coriduii. upnarent’v 
stimubtled by its experience to pupate. The fra ageing ohser- 
vutmu. naturally, only refer* to larva? free of the carrion or on 
top of ir (otherwise they wuiil not, have been observed j, out those 
attacked which ore partially buried in it do not appear to be] hi ve¬ 
in the same manner; they are Mirroundod by loud and hidden 
from the light. 

Tin* first 20-30 larva? attacked will be “paralyzed ?? instantly, 
anti then the poison apparently becomes he> rapid in its effect: 
whilst it has been noticed Hint, a female which rests for some 
time an«l feeds, seems to renew the effectiveness of it> pohon. 

Au individual feuiale—as has been already noted—-does not 
normally attack the same larva, twice. In this connection a, 
series of experiments were carried out under conditions ns nearly 
natural as was possible, .and by employing one female at a time 
it was observed tlmt each larva parasitized, either free of the 
carrion or partially embedded in it, made every endeavour to get 
into the soil after it had recovered from its “ temporary paralysis n 
either directly or through the carrion. It appears to be definite 
that effective oviposit ion stimulates the larva to pupate. How¬ 
ever, in cases in which two or more females inject the same larva— 
the second one coming upon it just when it begins to move 
or encountering it on its way to escape,—its death ensues within 
24 to 4 8 hours. its organs appear to disintegrate, the dead 
larva gradually darkens until it t turns black ; dissections disclosed 
little else than a thick dirty putrid liquid. In warm weather, 
with a, temperature of about 22° CL the dead larva dries up 
within 6 or 7 days. The majority of these over-parasitized lame 
never succeed in getting into the soil. 

A female does not attack a, motionless larva, but may prod it 
with the ovipositor, usually causing some movement with 
unpleasant results for the larva. It is also in this way that a 
larva just recovering from “temporary paralysis 11 becomes 
a victim to over-parasitism. 

On several occasions the writer has observed a, moving larva 
stop suddenly and lie motionless upon the approach of a female, 
although it may have been touched by no more than one .leg of 
the latter. This behaviour is obviously due to the larva, having 
been previously attacked by a female, but whether it was attri¬ 
butable to chemotropism, which is most probable, has not been 
established, ■ The predominant odour was that of carrion. 

Females which have been ovipositing for some time and are in 
a filthy condition from the carrion and putrefactive juices, will 
endeavour to insert their ovipositor into any object which they 
happen to feel moving, with the result that frequently two or 
more can be seen together, u jabbing ” their ovipositors' amongst 
each other’s legs in a vain effort to get it firmly fixed. 

# The writer, as previously state*!,, is of the opinion that, many of the eggs *nh 
damaged by this movement, particularly if located in or amongst muscles,, : 

Prog. Zoom Soc.—1920, No. XV. elfb ; 
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The ovipositor, which is extruded, is inserted in different parts 
of the larva’s anatomy. Generally, when the larva is free—he., 
on the surface of the carrion, under it, or on the surface of the 
soil,—it is inserted about the 1st to 3rd abdominal segments ; very 
small females attack the cephalic end or the anal plate, particu¬ 
larly in tbe case of full-grown larvae, probably owing to their 
inability to get astride the victim, as is usual with the larger 
females. When the larva is moving in the carrion and the 
movement is perceptible, the female endeavours to insert the 
ovipositor through it into any part of the larva, whilst a female 
coming upon a larva disappearing into the soil or carrion will 
attack the apex of the abdomen or anal plate, and sometimes is 
unable to bring the victim to a, standstill before the ovipositor 
has disappeared into the cavity ; whilst, on the other hand, a 
larva emerging from the carrion is attacked in the anterior 
region. . 

Whilst the insect is ovipositing, the palpi or “feelers’’ (text- 
fig. 12), winch in repose form lateral sheaths to the poison and 


Text-figure 12. 



Palp of ovipositor of At. numducator. WP., wiping-pad. X 61. Original, 

piercing-blades, are constantly in use for locating the moving 
larva. The ovipositor is withdrawn from a victim with a distinct 
jerk in order to disengage the barbs of the piercing-blades, and 
by means of the powerful muscles attached to the hinge-like 
continuation of the blades, it instantly springs back between the 
palpi, the 1 apex of the former alighting at the base of the latter, 
so that whilst the sternites are assuming their normal position of 
repose, the point of the ovipositor is cleaned by the “wiping-pads ” 
(text-fig. 12 , W.P.)of the receding palpi. These “ wiping-pads” 
are on the inside of the basal portion of the palpi, extending 
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.approximately half of the length, and consist of soft dirty white 
integument roughly in folds. 

Length of Period of Oviposit ion. —Females, whether freshly 
■emerged or otherwise, and which had or had not mated, once 
allowed to oviposit, were dead the next day if they had been 
constantly ovipositing, or when resting and feeding occasionally 
lasted three to four days ; in one instance a female liverl live days, 
ovipositing in about 50 larva* daily. 

Progeny of 8htgle Females. —Xo extensive data were obtained 
on this point, but in the laboratory the average was 33*74 per 
female. (Bee Percentage of Paras it ization. ) 

Parthenogenesis. —Unmated females reproduced males : whether 
the latter were fertile was not investigated. 

Proportion of the Peres .—This appears to be about equal on 
the whole in individual lots of material parasitized in the 
laboratory, although one sex may considerably predominate. 
The figures ( given under this heading are details of emergence 
from three lots of material which were parasitized by free 
Braconids in Regent's Park, and give the following result: 199 o 
and 294 2 . Xo other details of emergence from outside material 
were compiled. Graham-Smith ( 4 ) gives, substantially, the 
following details for “Spring” and “Autumn” batches which 
emerged in 1916 from material parasitized in the autumn of 
1915. The sum total for both batches are 2891 d and 749 2, 
clearly indicating arrheuotokie, a proportion, which the writer 
ventures to suggest may, in this instance, be due to the immediate 
proximity of host-infested carcases when the females of the 
autumn batch of 1915 emerged. 

Length, of Life of Adult. — In the laboratory the length of the 
life of adults was not very long. Observations showed that, in 
the case of two freshly-emerged males which were not permitted 
to mate, one lived 25 days, the other 31 days; two unfertilized 
females not allowed to mate or oviposit lived 33 and 38 days ; 
two females and two males confined together, the former not 
being allowed to oviposit, the males lived, the one 18 days, the 
other 23 days; the females, one 25 days, the other 33 days. And 
as stated oviposition rapidly ends the female’s life. In each of 
the foregoing tests ample supplies of food were given, but the 
insects were confined in glass jars, which did not give much 
•opportunity for (light and the atmosphere was permeated with 
the odour of carrion. The length of life in the open ' or in 
unpolluted air would doubtless be longer. 

The length of life within the main cage appeared to be much 
shorter during the months of Xovember, December, and January 
in spite of a mean temperature of 20° Ob. Activity was always 
greatest on fin© days, and particularly when the' 'sunshine was 
directly upon the cage. 'by 

Pood .—When the breeding operations began, the adults were 
fed on sugar diluted' with /waiefiin/a’mtio of I to.'fi, but dwing ; to : ' 
tlm “ Rationing 'Restrictions/* honey had to behubstitutedt'aiid''' 
'' - b \ ■ IS* hX - 1 ■ 




214 


MR. A. M. ALTS OX OX THE LIFE-HISTORY AND 


diluted in the same proportion proved to be the better fond, find 
was occasionally varied with water only. Observation in the 
open failed to discover any of this species feeding, and in this 
connection Marshall (3) only observes u both sexes likewise fre¬ 
quent flowers for the purpose of feeding/’ It is probable that 
“honeydew 77 constitutes a source of food, as is the case with 
many Hymenopterons, but was not tested with this species. 

Seasonal Abundance .—From 14th July, 1919, to the end of 
January 1920, with a few days’ exception, there have been active 
adults in the main cage; the breeding, which, to begin with, was 
almost a. daily occurrence, caused such an overlapping of 
generations as to bring about this result. Graham-Smith (4) 
observes:—“The parasite, however, is abundant throughout the 
season, for it was observed attacking fly larva from 30th May to 
1st November, 1916/ ! From the observations of the writer, these 
insects were present in large numbers from July to October 1919 
in Regents Park; and as the original stock bred in the 
laboratory appeared on 14th July, and taking the average period 
of the life-cycle as 52 days (see Table I.), this gives 24th May as 
the date upon which the parents of this generation were deposit¬ 
ing eggs ; this therefore confirms the above observation. 

Details of Emergence .—Accurate sex details of the daily emer¬ 
gence from certain lots were kept from 13th August to 20th 
September, after winch date these had to he abandoned, the 
breeding operations at this date occupying all available time. 
Details of daily emergence for the period 3rd to 12th September, 
corresponding to the period of greatest activity shown in Table I. 
and affecting lahoratorv-bred material from the jars No. 1, No. 2, 
No. 3, No, 4, No. 5, <fc No. 6 and from No. 7 for one day shown 
in Table I,, are given below in Table III.:— 


Table III.—Details of Daily Emergence. 


Jars Nos. 
1,2, 3,4 5. 
& 6 and 7 

$ 5 

S $:<j ? s ? 

i ?;<J ?|<? 9 o’ %'\S 9 

1 

5 ?! 

Totals. 

3 

3 111 43 

17 46 ! 14* 17 <27 

37 

Mutes. 

for one day. 

— 

2; 3 . 9 

13 1 3* 42' 34; 34 

42 j 

158 ; 

i Dates. j 


i ' 

! ; ! ; i 1 

j 

Females. 

; Sept. | 

3rd 

l 

j 4tli | 5t1i 6th 

1 7 th ; 8 th j 0 th ; 10th 11th; 

; 1 i ! 1 

12th j 
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These figures merely indicate the early appearance of the males. 
During the period covered by Table Ill, the average daily 
contents of the main cage was over 300 individuals of both sexes; 
this figure allows for the withdrawal of ovipositing females and 
admission of daily emergences from all sources. 

Percentage of Parasiiizaiion .—Graham-Smith (1), referring to 
two lots of material attacked by “free 75 A. manducator in 1914 
and bred out in 1915, states:—“In the former it is 80 per cent., 
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in tlse latter ueariv 9 4 ) |>ei* relit. XlmT. mm; Ijpb-r Hume is r: true 
i in lex of the extent of Ibncuiud iutVcimu hi tiie «ii *r; 1 s?»n*k of 
pupm is shown hy the ta.et that 9 itH‘ rent, of the vipa* in Aw sail 
tin were not punir-itr-ci. * Oi two lots <4 irripiii'i;; from which-— 
the }mm.site emerged during 191$, thA observer found ;4p:~—- 
““ At least 25 per cent, of the pupuria ” tVt*Ui one lot ** mu 57 tier 
rent, of those” front the other - were infected with A. .ttimdti- 
Milo?. 1 Summarizing liis observations nn emergence of this 
parasite in 1915-1 tS-17. he says *_4 s:—** Of the 3 CO'2* puparla 
collected in the autumn of 19 i 4- 15-1 $ from sonny an-i shady 
situations 7041. or 45 per rent, were infected \vinil A. ihnudncator, 
while of the 47X7 puparin. collected dui'in^ the summer months 
of 1910-17 only 508 or 10 per cent. w.nv inferred.” 

From two lots of material collected from Regent's Park on 
27th J rdy, and where parasitize! ion by “* free ” Bra.eonids occurred 
under conditions similar to those above, tin* uritei found the 
percentage of parasitism to he 23*12 per rent, and 52'52 per cent, 
respectively. These lots were hath brought in at a time when 
the larvte had begun to pupate, they were examined in November, 
previous to this time emergence laud ceased. The figures given 
are derived from the number of puparin from which J. mantla- 
caior had emerged, and from those intact puparia in which dead 
adults, dead pupie. and active and dead bar vie of the parasite were 
found, as against the total number of puparia in the receptacles, 
including those from which dies had emerged, r»r failed to 
emerge, and those containing atrophied lly-nymph*. It would 
be of interest to know the number of females responsible for 
these figures. Head females were always found in the receptacle, 
but no reliance can he placed on their number. 

In laboratory-bred material, in ten lot-, if- was found that the 
percentage of parasitical ion ranged front 15*04 per cent, to 48*99 
per cent., the latter figure being due to nine females. Hut the 
outstanding feature of this examination was. that it took a total 
of 39 females to reproduce definitely 130$ individuals exclusive 
of over-parasitized larva 4 —an average of 33*74 each, or only 
9*89 per cent, of their average egg-capacity. Tins result can hut 
be attributed to confinement ami to the had ventilation of the 
cage, also to the. fact that- the parasite's sense-organs, which are 
normally stimulated to bring about the inclination to oviposit, 
would have been dulled and deadened by the ever-present odour 
of carrion in the laboratory. Under better caging conditions 
and when living in an atmosphere unpolluted with the stench: of 
the putrefactive juices of the carrion, better results would 
certainly be obtained. 

Hibernation. — A. mmulmator hibernates as a full-grown larva. 
This was observed under natural conditions by 'Graham-Smith 
(1 and 41, and is supported by'.the condition of the stock material 
and by the Refrigerating Experiment 

- Attraction to Light —Artificial light is very attractive,, and . 
caused the insects to crowd on that side of the cage ne^rest ; tO' it2 
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Hosts. —The species of larvae used in this work and from which. 
A . manducator Panz. was successfully bred, are as follows : — 

Luc ilia sericata Meig. 

,, c<esar Linn. 

Pkormia gnealanclica Ztt. 

Calliphora erythrocephala Meig. 

„ vomitoria Linn. 

No preference was shown for any individual species, the 
odour of the putrefactive juices being the ehemotropic stimulation 
to oviposit; and therefore it is probable that other carrion¬ 
feeding cyclorhaphous larvae would he found to he suitable hosts. 

In this connection Marshall ( 3 ) states:— “ They have been 
reared from various maggots, as Lucilia ccesar L., Cyrloneura 
stabulans Fall., Hydrotea dentipes Fab. ,J 

Life-History and Habits of Xjsoxia brev/couxis Ashm., 
and Hosts. 

Historical. — Xasonia brevicornis Ashm. was first described by 
Girault and Saunders, 1909 (6). They bred it from the puparia 
of the Common House-fly (J Lusca domestica Linn.) at the Illinois 
Entomological Station at Urbana in 1908. It has since been 
reported from Chili and India, and was bred in 1911 from the 
puparia of 0. erythrocephala Mg. by Graham-Smith (1) at 
Cambridge, England. Ill November 1913 it was bred from the 
puparia, of Pycnosoma raf facies by McCarthy (2) at the Govern¬ 
ment Sheep-fly Experiment Station at Yana win in New South 
Wales, and a few days later discovered at Longreach, Central 
Queensland (7). As already stated, page 197, it was first bred 
by the writer from the puparia, of 0. erythrocephala collected 
from Regent’s Park, London, in July 1919. 

Introductory. —In the following account of the life-history and 
habits of this insect, the writer freely quotes from the writings 
of the previous observers, adding here and there observations of 
his own. In doing this the writer desires to put foiward as 
general and collected an account of this important insect as 
possible ; further, it may be observed that the writer had already 
made an independent study of this subject before specimens were 
identified and the original description of Girault and Saunders (0) 
brought to his notice. Full acknowledgment is made to these 
references, which for the sake of the continuity of the account 
are mostly signified by reference numbers only. 

The Length of the Life-cycle. —This is entirely dependent upon, 
the temperature, and its influence affects the full-grown larval 
stage the most. 

The various observers differ as to'the period of the life-cycle, 
but this can be accounted for by the probable differences in 
temperature when the observations were made. Girault and 
Saunders (6) give 22| days as the average in the spring and 
15 days in autumn ; McCarthy ( 2 ) 11 days in summer ; Froggatt 
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(7) 11 _to 14^ days; Froggatt ( 8 ) 15 days. Under laboratory 
conditions with a mean temperature of 20° C. it was found to 
average 21 days. 

The Egg .—The egg is translucent white, with a smooth glossy 
surface, cylindrical, slightly tapering to one extremity and 
broadly rounded at both ends (text-tig. 13). The newly-deposited 
egg measures from *30 to *35 mm. in length and *11 to *14 mm. 
wide at broadest part (81. The eggs are placed in clusters under 
the shell of the puparium and upon the surface of the pupal 
integument of the developing fiv, the latter occasionally being 
punctured by the ovipositor. They are found in clusters of 

Text-figure 13. 



Egg of N, Irevicornh , 26 hours ohl. Size *125X*350 mm. 

X*M. Original. 

2 to 1 *2 or more or singly, and are situated on any part of the fly- 
nymph, but are commonly found in the depression of the 
junction of head and thorax, or thorax and abdomen, i% The eggs 
appear to be coated with a trace of some sticky substance, which 
causes them to adhere together, and to the covering integument 
of the Hy-pupa? ( 8 ). The egg undergoes a slight increase in 
size as the development of the embryo progresses. The duration 
of the egg-stage varies considerably; those observed ranged from 
30 to 74 hours. 

The Larva .—Immediately upon hatching, the young larvae start 
feefling. They puncture the pupal skin of the host with their 
mandibles, and with these firmly attached to the enveloping skin 
of the pupa, proceed to absorb the body-thuds of their host. 
They, remain about the same position until full-grown. As the 
larva? develop, the host is gradually absorbed, and consequently 
shrinks inversely to the growth of larva*. “As a rule, the 
remains of a parasitised host—the fully-formed pupa—is a fiat, 
scale-like mass, apparently consisting of the ventral shell of .the 
pupa and that of the head; for example, the theca? of the' eyes, 
legs, and wings are discernible, and the 'remains are not much 
shrunken so far as the original length is concerned. In the 
ease of Oymmyia cadavernia, in one puparium infested with 
21 larvae of the first spring generation the parasites were all 
attached to the dorsal surface of the host from the pronotuin to 
the tip of the abdomen; these parasitic larvrn were nearly full- 
grown. But in another puparium of the same host, in which' 
13 larvie were found, their attachment to the host appeared; to 
be haphazard, and the host-pupa was considerably shrunken?, 
especially' in width ” ( 6 ). . No-evidence of larval predaceousness is 
forthcomings although dead larva?, are frequently foundy tfo'es*: 
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are sometimes found with living ones, but usually all arc dead. 
The head larva. In always discoloured iuid appears to have shrunk 
to the size uf the meconium, so that they are then quite laird. 

The number of larval instars Lave not been worked out, but 
tile general appearance of the larva? is constant. The larva, 
(text-figure 14) is a. typical vermiform liynienopteion, broadest in 
the centre and tapering towards the extremities. It consists of 
apparently 14 segments. It lias nine consecutive pairs of 


Text-figure 14. 



spiracles, of a very simple structure, on 2nd and 3rd thoracic 
and 1st to 7th abdominal segments. The integument is smooth, 
glabrous, very thin and easily damaged; it appears to secrete 
some sticky fluid which entirely bathes the integument, and 
winch enables it to ** grip ?1 the surface over which it is moving. 
.An examination of the larval integument discloses minute pores 
scattered about the surface and presumably the source of this 
e "sticky* fluid. Larva? have been frequently found in a puparium 
from which a, number of adults have emerged with portions of 
pupal exuvia attached, sometimes completely covered with it. 
The mid-intestine is closed candidly during the entire larval 
development, and the v-aste matter within it is brown. This 
gives the larva, a dirty white appearance. The slightest puncture 
made in an active larva about the centre of its body will cause the 
contents of the intestine to exude instant!v, leaving the larva- 
white. The period of development of the iarvje occupies about 
7-10 days from the time of hatching, with a pro-pupal stage of 
1-3 days. 

A few hours before casting its last larval exnvium, the contents 
of the mid-intestine is voided. This appears to indicate that the 
mesenteron and proctodeum become connected before the pupa is 
formed, " The meeonial discharges of this parasite, found 
scattered through the host puparium, are brownish yellow or 
dark olive-green in colour, and consist of small conglomerations of 
round pellets, or are sometimes in irregular chains, like some 
bacteria, hut are never single, solid pieces.” (0)/ 

The length of larval life is very variable. 

The 'Pupa .—After voiding the meconium the larva remains 
motionless— unless disturbed by a fellow-occupant of the host 
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pupnri urn—with its posterior segments surrounded 1 .*y the me- 
Gonial discharge, which dries rapidly. Ho that uLots the larval 
skin bursts and recedes, the pupa (text-kg. 15), which does not 
entirely free itself from the larval exuviurn, eoimoquep.tJy becomes 
anchored to the meconium. This has been observed by emptying 
the larval contents of a. puparium into a, small glass tube. 


Text-fi«rui*e 13. 


llr'hW 

rni-r^^rM 

<> ii^ vr "- , v.-ytvf 

fvd _A_bpf 

Pupa of AT Irceiroruis. Greatly sna.ztnfinl. Original. 


The dm alien of the pupal stage is variable. ‘‘This was 
obtained in one case only. A larva pupated during the night of 

Sept-1 7-18,1908,. The resulting adult female emerged 

at 10 a.m. Sept. 23, 1908, making a pupal stage of approximately 
51 days. The average length of this stage for the first spring 
generation (17 cases) was 9 days (May 14-23. 1909) r (8). 
Another observer states:— 4fc The pupal stage occupies about 
five days'*’ (8). Those pupa? observed .by the writer ranged from 
8-12 days. 4< When first formed, the pupa* are yellowish white, 
the eyes garnet, with some duskiness at the caudal edges of 
the abdominal segments soon afterwards: the mandibles, legs, 
antenna?, and wing-} ads gradually become dusky, and about 
48 hours previous to eelosion, the head, thorax, and abdomen, in 
succession, begin to show dark colour, the head and thorax 
together becoming a deep black before the abdomen shows very 
much colour, and then, after about 6 hours, the latter turns 
gradually hut vapidly black. About 20 1 tours before eelosion the 
colour is jet-black, which just preceding emergence changes nearly 
to the colour of the mature adult. At eelosion the adults are 
fully coloured A (6.) 

The pupal exuviurn, which is very stiff, is a golden brown, and 
does not recede as in the Braeonid, but appears to he broken up 
in parts; pieces which retain the outline of the antenna? are 
frequently found loose; similarly, pieces from the head and legs 
can be found; tire abdominal portion seems thinner, and is usually 
attached to the apex of it when the insect emerges. 
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The Adult.—Emergence of the Adult. —“In general, it may be 
stated that the adult parasites emerge from the host puparium 
through from 1 to 3 circular holes, situated variously, usually in 
the dorsal or dorsodateral aspect; and when more than one exit- 
hole, the two or three are visually scattered or widely separated. 
The manner of emergence does not differ for sex. The exit-hole 
varies in diameter from 0*75 to 1*50 mm.; it is usually larger and 
single when, the host is Musca or Chrysoniykt and smaller when 
Phormia , though this difference may be more apparent than real. 
Individual exit-holes may of course vary considerably in shape ; 
for rarely it may involve the whole of one end of the host 
pu par in in, and is then relatively very large and irregular. The 
margins of the exit-holes are always jagged or serrate, showing 

that the adults gnaw their way out.In regard to the time 

of emergence, the males usually emerge from 2 to 20 hours 
earlier than the females, a few emerging some hours previous to 
the simultaneous emergence of the majority, but there is con¬ 
siderable variation in individual cases. Tims some males may be 
the h st to emerge, but tbe tendency is for them to emerge earlier 
than females.” (6.) 

In the laboratory tbe number of exit-boles was not limited 
to three, four and five have been seen, and the exit-holes, con¬ 
sequently, dorsal, ventral, or lateral (text-fig. 10). 


Text-figure 16. 



Papammi with two exit-holes kterowentrally. A r , Irevhumiis. 
Greatly magnified. Original. 


Both sexes emerge with the wings fully expanded. 

Larvse have been found in puparia from which—-several weeks 
or months previously—adults had emerged. If this takes'place 
under natural conditions, it'would appear that these have very 
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little chance of completing their development, anil would probably 
be killed by mites or some other enemy. 

Many attempts were made to observe the initial process of 
making the exit-bole, but without success. However, on one 
occasion 21 female was observed enlarging an exit-bole. A few 
days previously this particular puparium laid been enclosed in a 
glass tube stopped with ;t cork. The tube was under observation 
with the aid of table binoculars to watch the movements of some 
adults of both sexes which had emerged. There were two exit- 
holes in the puparium, dorsally, with centres about 3 min. apart, 
one being much hu-ger than the other, and through the former 
all the huge females in the tube must necessarily have escaped. 
Suddenly a females antenna? were noticed to issue from the small 
exit-hole, and were violently agitated. The upper part of the 
epicranium could be seen against the inside of the puparium; the 
head was then moved, as was evident by the changing positions 
of the waving antenme; eventually, after the scapes had several 
times come into contiict with the serrated edges of the exit-hole, 
they were withdrawn; the female could then be seen changing 
its position. This accomplished, the head began to appear latero- 
ventrally through the hole, the right eye coming up first; 
gradually more ami more of the head appeared still maintaining 
its hitero-ventral aspect, until the edge of puparium was slightly 
oblique to the junction of the mandibles. The right eye and 
gena were then above the surface of the puparimn, the antenme 
still inside. The female now began to bite t he puparium, the 
right mandible coming down on it from the outside, the left 
working up on it from inside. This process continued in a leaf- 
eating-caterpillar-like movt menfc — semicircular forwards and 
backwards—until the hole was made large enough to enable the 
female to escape. Xo effort was made to test the size of the 
hole; the insect continued to bite until, suddenly ceasing, it 
bega .11 changing its position again until it was ventral side up 
inside the puparium, then* moving forward and bending upwards, 
the antennas, head, anterior legs, thorax, middle and posterior 
legs, and abdomen appeared successively, until the female was on 
the surface of the puparium, erect. It immediately began clean¬ 
ing itself : the apex of the abdomen bore a portion of the pupal 
ex 11 via, which came away with it minute white mecouial discharge. 
A few seconds Later the female was found by a nude. 

In the laboratory, when the puparia are unfunded in soil,' these' 
discharges can he seen seatteied all over them, and appear as 
minute white strings. 

The Sexes.—Size :—The females vary from I’O mm. to 2*30 runn, 
the males from 0 60mm. to 2*0 mm. (8). 

General appearance .—Both sexes are distungitishahle to : the, 
naked eye. The females have large wings extending"Ihpyoiid 'the 
apex of the abdomen, whereas the males 
apterous; their rudimentary wings do.'not 
the third abdominal segment. 
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. . . the female is a, rich dark green, the abdomen nearly 
black, the head and thorax dorsad, reflecting brassy soil it illations, 
In some lights entirely brassy; in the ventral aspect ami also the 
lateral, the thorax appears bluish ; the antenme dark, the scape 
ami pedicel a riel* brown, the legs mostly brown with darker 
femora. On the contrary, the males appear a brilliant bright 
metallic green, reflecting brassiness, the antennae and legs light 
yellowish brown, the wings small, clouded, with a soiled appear¬ 
ance : the ventral aspect is the same, but with slight traces of 
metallic bluish. The undo is noticeably more brilliant and bright 
than the female, which is somewhat sombre/ 1 (6.) 


Text-figure 17. 



Male X. hm'/tutmU. Greatly maguiliol. Original. 

Variations of the foregoing description of the type species 
were observed in the females ; with light brown or yellowish 
brown femora, not dark or clouded; general colour deep metallic 
blue: fore-wings not naked, in the basal triangle of wings below 
the snlmiargmal vein, the costal margin with more bristles. Of 
six such specimens mounted for microscopical examination, no 
uniformity was found in the venation. The number of sofm 
in basal area of fore, wing varied from 2-5, position also varied. 
Bristle* on costal margin also varied, as many as 14 were 
observed, 

CouriitHj and Mathttf .—“Courting in this insect is not a. com¬ 
plex habit, ft follows almost immediately after emergence, at 
least in confinement. Where a, number of both sexes are 
gathered together, all recently emerged, the males and females 
are constantly in motion, the former active, seeking the females ; 
the an ten me of both sexes also constantly in motion, held inclined 
upward in the natural position, giving quick, jerky, wavy move¬ 
ments. When one individual meets another, the an ten me simply 
touch whichever portion of the body presents itse’f first, anil the 
two turn aside and pass on ; or if they happen to be individuals 
of opposite sex and (apparently) the occasion is suitable—which 
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is most often the case immediately following emergent**—the male 
hastily climbs upon the hack of the female, runs forward, and gmsps 
tier head with the fore-feet, usually at the lateral aspect of the eyes 
or sometimes at the cheeks; the intermediate feet grasp some 
portion of the thoracic pleura, usually at the mesothorax, and the 
hind-feet take hold along the sides of the abdomen or the edges 
of the Hat wings. The legs are not stretched out or used for 
embracing the body of the female, but the hold is taken by the 
feet alone, and the position of the male is not strained, hut rather 
that of the natural position of rest. His body is parallel with 
and above the body of the female and projects beyond (eephnladf 
it, so that the head is between the upturned antenna? of the 
female and stretched over hers, his abdomen reaching to a point 
above the third abdominal segment or to a point opposite to the 
distal end of the marginal vein of the fore-wings, upon which it 
actually rests. Having quickly attained this position, the male 
senses the an ten me of the female with his own, and immediately 
begins suit in earnest by rubbing* his head up ami down against 
the inner (mosal) surfaces of the flagella of the female, which 
are held up in a V-shaped position, at the same time holding 
the scapes erect and apart and the flagella back, pointing laterad 
at right angles to the scape and at every downward movement 
bringing the scapes * together; this movement of the head is 
accompanied by a corresponding et petting ” movement of the 
female flagella against the cheeks of the male. The up and 
downward movements of the head are regular and continued for 
from 5 to 10 seconds, each completed movement occupying 
slightly less than a second of time; and they are alternated with 
a period during which the head of the male is motionless and his 
anteniue sensing those of his mate, either by touching both of 
their tips to the tips of her antemne, or else by stroking them up 
and down ; the mandibles, maxilke, and labium with both pairs 
of palpi are themselves in almost constant motion, but, so far as 
observed, they play no part as organs of sensation, with the possible 
exception of the maxillary palpi. Sometimes the male rubs but 
one of the flagella of the female, turning the head to one side. 
No other movements than these are observable, but there is some 
variation in the occurrence of either of the two movements 
described, ami also in the number of times they are repeated 
before sexual union is permitted by the female. The male may 
be. received coldly; he’ may make the movements without 
attempting union, or after alternating them three or four times, 
he may attempt union without success, and then run forward to 
repeat the actions, and this may continue as long as the female 
permits, either resulting successfully or unsuccessfully. In' the 
presence of other females, if received 'coldly, the male soon' tires, 
leaves and seeks another mate. . In order to attempt/'union,, the 
male' has to 'reverse his position, and ruxrback to the tipkef 
the abdomen of the female, where he usually reaches' over ; the' 
tips of the wings, and senses with the' antenna* 
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and reaching around again with the tip of his abdomen to gain 
entrance into the vaginal oritiee. Or, on the other hand, lie may 
■simply back quickly to the caudal end of the female and attempt 
union. In one case, .... coition lasted for fourteen seconds, 
in another for ten seconds. Mating is promiscuous for both 
sexes.” (6.) 

During the breeding operations, when females were scarce— 
being occupied with host puparia,—the writer has frequently 
observed an unresponsive female crawling about with several 
males upon her, the lower ones holding on dorsally and laterally, 
and those above holding on to each other. Sometimes the female 
with this load on her would try to climb the side of the cage. 
This effort always ended in the whoff party falling to the bottom. 
On three specific occasions the number of males thus congregated 
numbered 10, 7. and 11. 

The males have some curious habits. When the puparia from 
which adults have commenced to emerge are lying unburied on 
soil, a male can be observed to take possession of one, and either 
stand on it waiting for a newly-emerged female to appear, or he 
will enter it and periodically make an appearance to seek a mate. 
Generally the males remain in the immediate vicinity of the 
puparia from which emergence is taking place, and running over 
and around these in search of females, they are continually 
meeting each other; then they start to fight. This usually takes 
place by means of the antennas and fore-legs, resulting frequently 
in the loss of a few joints of the flagella by one or both antago¬ 
nists. During these scuffles there were sometimes three or four 
participants, and then it frequently happened that a pnparium 
became dislodged, with comical results if it was occupied by a 
u domesticatedmale: he would sally forth and attack the first 
within reach; generally one in no way responsible for his dis¬ 
comfort. From a short distance the whole area occupied by the 
males seemed to consist of combatants. 

Females only resorted to fighting when disturbed during 
©viposition ; seldom did males venture into the dishes containing 
host puparia for parasitimtion. 

Flight .—The females, in spite of their large wings, are only 
capable of flying short distances, in a very jerky manner, about 
fi> feet, at a time at most. Before starting on a flight, they usually 
indulge in a few preliminary movements of their wings. Then- 
most customary method of progress is to crawl. 

The males are quite incapable of flight, and the only occasions 
on which they have been observed to use their wings are when 
courting and fighting. 

Or (.position .—This takes place within a host pnparium, prefer¬ 
ence being shown for those between 24 to 72 hours old—that is to 
say, after histogenesis has started and the developing fly-nymph 
is covered in its pupal skin and free of the pnparium except 
where attached anteriorly and posteriorly by the tracheae. A 
female will not oviposit in a pnparium containing an. atrophied 
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fly-nymph, neither one containing a fully-formed fly which for 
some reason has died or failed to emerge, nor will it oviposit in 
an empty puparium from which the occupant or occupants have 
emerged, although efforts to induce some to do so were made by 
burying that portion from which emergence took place; its 
behaviour with such pnparia is initially the same as with a 
healthy puparium, but after examination ami possibly an attempt 
to insert the ovipositor, it crawls off in search of others. To 
enable it to distinguish between those pnparia which contain 
sustenance for its progeny and those which do not, the female 
must not only possess very delicate sense-organs, but apparently 
uses the point of the ovipositor, as will he shown later. 

Before attempting to insert the ovipositor, a female spends 
some time critically examining the puparium, crawling over and 
around it, with her head inclined towards it, constantly waving 
the antennae, with which she frequently touches it. Having, 
apparently, satisfied herself that it is a fit object for attack, she 
bends the abdomen so that the apex touches the puparium, and 
then with the tactile hairs upon the palpi and abdomen, and with 
the point of the ovipositor, she proceeds to prod it until a position 
is located—such as a groove in the contracted integument of the 
puparium—through which to make a puncture. The ovipositor 
is then held in the minute groove, and the apex of the abdomen 
springs back to a position in which it assumes almost its natural 
shape, although diagonally opposed to the puparium, and in doing 
this the full length of the ovipositor is exposed (text-fig, 18); 


Text-figure 18. 



Female X brtvieornts ovipositing; 1st position. Greatly magnified. 

Original. 

this has hitherto been hidden in its recess along the ventral plates 
of the abdomen. The female now endeavours to pierce the 
puparium—not always with success, in which case she moves off 
to another spot and repeats the process,— which she appears to do 
with a slight rotatory and up-and-down movement of the ovi¬ 
positor, accompanied with frequent twitching of themutejiiiae, a 
constant movement of the trophi, a slight twitching of the apex 
of.the abdomen, and a general appearance of slight movements as 
if her entire strength, was .being exerted .upon the Task.) \ As The. : 
ovipositor gradually 'disappears into the'■ pupariuin i; the positional 
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the hind-legs is sometimes changed, and they are placed further 
apart so as to lower the body in rhythm. During this movement 
the abdomen gradually assumes an extraordinary lateral aspect 
until, when the ovipositor is completely inserted, its appearance is 
similar to that depicted in text-fig. 19. The flexibility of the 
steruites is remarkable. Sometimes, after the ovipositor has 


Text-figure 19. 



Female X. brei'icornte ovipositing; 2nd position. Greatly magnified. 
Original. 


been inserted its full length, it is partly withdrawn, and appears 
to be moving slowly in a circle, giving the impression that at tills 
time the eggs are being discharged so as to lie together in a 
cluster but, not on top of each other. Eventually, by lifting the 
abdomen till It recovers its position as shown in text-fig. IB, 
and then lifting the thorax with the hind-legs, it disengages the 
ovipositor, which instantly springs back to its normal hidden, 
position. 

Generally a minute drop of clear liquid appears at the point 
of insertion of the ovipositor directly it is withdrawn, hut the 
female moves backwards over the hole until it is located by her 
palpi or antenna?, and then appears to “suck up” the liquid 
The drop of liquid is not always visible, and the nature of it has 
not been determined. 

One observer says :—“This liquid is probably used in the first 
case as a lubricant by bathing the styles as they work on the 
sheath while puncturing” (8). Another :—“The liquid is either 
a fluid resembling in its nature a synovial fluid, or else it bad * 
been acting as a lubricant for the styles ; the former is the more 
probable ” (7). Another observer says:— u In many eases it. (the 
hole) became covered with a white mycelium-like growth the 
nature of which we have not determined ” ( 6 ). That the func¬ 
tion of the liquid is to seal the hole seems probable. Only in 
three instances amongst material parasitized in the open have 
mites (undetermined) been found inside intact pupm'a inhabited 
by, developing Chalcids, and in one case a pupa had been partially 
devoured. 

The time occupied in ovipositing is variable, ranging from 1 a'few 
seconds ho half-an-hour. A few specific instances are quoted 
“The deposition of an egg observed, at 9.45 p.m.. Sept. 14, 
required 16 minutes; the host was Enormia reghia. Another 
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observation made at 10.15 a.m. the same day showed that the act 
required B minutes; the? host puparium was that of 31 asm 
dome fit lea x . . . . A female eonlined at h. 20 A.m. Sept. 10, deposited 
into puparia of the Pkormia at 9.32 a.m. and 1.20 f.m. the same 
day. One confined at 10 A.M. the same date with two puparia of 
tlie same host oviposited at once.*" (8.) 

The position of insertion of the ovipositor is very variable. 
Any segment laterally, dorsally, or vent rally is attacked, in 
captivity. 

One female may insert her ovipositor more than once in the 
same puparium. One puparium may be attacked by several 
females in turn : sometimes two will be seen at work at the 
same time. 

Length of Period of Ovipositton .—When amply supplied with 
host puparia, the females appear to live from 3-4 weeks. The 
first generation from material obtained from Regent’s Park 
were still actively at work, whilst their own progeny were 
emerging and had begun attacking hosts. 

Time elapsing between Emergence, and Production. —When host 
puparia are available, oviposition takes place within a few hours. 
In three specific instances observed by G intuit and Saunders 
oviposition took place in 24, 101, and 3 hours after emergence. 

Progeny if Single Females.-■ The number of eggs deposited by 
a female varies. “In three instances one female placed in a tube 
with fifteen pupa? parasitized the whole, with the exception of 
two pupm which had decayed. The total number developing 
from the one parasite in the first case was 140, in the second 148, 
and the third 90. (The numbers emerging from each pupa varied 
from 15 to 1 in these experiments.) ” (8.) 

In the case of two females each confined separately with host 
puparia, the first with 130, the second with 80, their respective 
progeny numbered 21 males, 57 females, total 78, and 38 males, 
(55 females, total 103. The first female parasitized 17 puparia, 
the second 22 (6). 

Parthenogenesis*—-“On September 27th, 1908, 12 virgin females 
of brevimrnis, reared separately from pnparia of Pkormia regina 
and in no instance accessible to males, were confined separately, 
each in a small gelatine capsule with a single known healthy 
puparium of Pkormia ; on September ,29th at 11.30 a.m., in three 
cases females were observed ovipositing; on October 15th, 1908. 
the progeny of two of the virgin females emerged as follows:— 

17 males .... and 15 males. Other emergences did not 

occur, but in three instances the larva? of the parasites were 
found in the host puparia, all dying, however. Hence' this 
parasite is parthenogeneticT (6.) ■ 

Proportion of the Sexes .— Under this heading Giraults ■ and, 
Saunders tabulate the numbers and sexes of -7SS0.specimens' dealt 
with by them. 1 In lot Ho. &■ (of this table) they l>red'71C|: ; m^les; 
and, 7 80 females; these were from pnparia collected u from a 
single host lot from' a ' decomposed"'''' cadaver,., ei%r,,damping* 
Prog. Zoot. Soc.-~~1920 ? Ho, XYI, 16 
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grounds.” In lot Xo. 5 they bred 228 nudes ;md 110 females 
from u host puparia in fie rod matter, miscellaneous.” These lots 
represent the most complete figures for material parasitized 
under natural conditions, mid clearly indicate parfheuogenetie 
reproduction. 

Length of Life of Adult .—As previously stated, females kept 
amply supplied with host puparia and a little food lived from 
:;-4 weeks. The males confined with these females only live 
7 or 8 days. 

In Australia,, under similar conditions and in the cooler 
weather, they are stated to live from 4 to f> weeks (7). 

'When confined in glass cylinders without food or host puparia, 
they were found to live from 4 to (5 days, the males dying 
sirst, \ 6 and 7), and when eon lined in glass cylinders with food and 
no host puparia. they were found to live from 18 to 20 days (7). 

k * The difference in the length of the life of the wasps kept in a 
con tilled space, and of those actively at work in the cages, may be 
due parti}'to the direct effects of confinement,; but in the writer's 
opinion, it is due more to over-copulation of the females in the 
confined spaces” (7)- This maybe partly accountable, but the 
females appear to bo quite capable of resisting the advances of 
the males, and the writer suggests that the undetermined drop 
of liquid winch sometimes exudes from the punctured puparium, 
and which all observers agree is generally “sucked up” by the 
female, may contain nutriment. This would explain why those 
confined with food and host puparia to deposit eggs in, live longer 
than those with food and no opportunity to deposit eggs. This 
view is further supported by the fact that (under breeding 
conditions) the females seldom left the dishes containing host 
puparia for food. 

It has, however, been ascertained that individuals of both 
sexes can live for some time with very little food. In the case 
of three females (presumed to have mated) each was confined 
separately in tubes within 14 hours of emergence ; and into each 
tube a minute drop of food was placed on the glass by the aid of 
a needle; no further supply was given. The first female was 
dead on 15th day, the.second on 19th day,the third on the 21st day. 
Of three males confined separately in tubes (none of them had 
had an opportunity to mate) and given a similar initial drop of 
food, one managed to escape on the 7th day through a fissure 
in the cork, another died on 14th day, and the last on 22nd day. 
No test was made with virgin females. 

Food .—In the laboratory the same food as was used for the 
braconids and files was given to these, but very infrequently and 
only a very little at a time, otherwise they would get stuck in it; 
and if their wings came in contact with it, they seemed quite 
incapable of extricating themselves. How the semi-apterous 
males obtain food under natural conditions is not known ; and 
taking into consideration their habit of remaining in the imme¬ 
diate vicinity whence they emerge, it is very probable that most 
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never ootifin nny, The females have m better cLi.nee with the'*; 
short jerky nil'll!. 

Ejit’i'flvH PitniHitUu*. — Under this term Uirnult mid thvubert 
refer to im interesting ]mmioiut-nun, and one which whs nLo 
observed by the writer. It is, tin*t tin* attack of Ww/nm cai: 1 
cilbefive npiill the hnst pupa Within 3 ”» to 24 hours pri* w ilo too 
moment when the win it ily would haw* emerged. the Imudh of 
the period being approximately such time a< i- repaired lor the 
depositing, dew-L pmcur, and hatching of d;e ^ggg and w],Vh in 
tin* instances observed by the writer would to from do to 7 ! Loins. 
In it. specific instanee. and one which must he abour the oMreme 
iimiti of eilecti\eness, a puparium was noticed to be cracked 
along tlie crease at the anterior end, bur. not. rurdiclently to haw* 
a!lower] a fly to emerge; if was opened. and Found to contain 
seven larvjp feeding upon a perfect pupal ilv wliit-li had cracked 
its enveloping skin anteriorly and the pupa rump but which had 
failed to get any further, its organ of locomotion—the ptilinmu — 
apparently having lost its efficiency gradually as the larva? fed. 

Percentage of Ihmmthatioo . --The writer has no figures rela¬ 
tive to the percentage of parasitimtion under natural conditions, 
and the data relative to laboratory conditions cannot be taken as 
a true index of the rapaehy of JYawm/e, as the number of host 
pnparia presmtetl fur attack, were worked oar on the basis of 
2u per female, and the numbeis of tin* latter in the breedingdars 
or main cage were only approximately ascertained. 

Upon reference to Uiraob. and Saunders the following is 
found Further, the local abundance ■ e?i‘ this parasite is indi¬ 
cated by the fact that in at least a. portion of the experiment just 
mentioned, a portion selected at random, the percentage of 
parasitism was as high as 4MJ per cent. We have evidence to 
show, on the other hand, that this percentage of mortality of the 
host was hy no means general, hut was considerably lower on 
the average for this season of the year.*' ( 6 .) 

!liber oat ion -.—This parasite hibernates ns full-grown larva? 
within the puparia of its various hosts. It emerges in the spring, 
the earliest recorded emergence, in England, being the end of 
April (4). 

A ttraction to Light .—The females are freely attracted to artificial 
light, the mates very slightly. 


//Ws.-~-The different species of puparia given to Xmania 
hrevkornis to parasitize, and from which it was successfully bred 
are as follows:— 

Mnaca domestiea Linn, 

Calliphora erythrocephala Meig. ' 

,, Tmaitorm Limn 
Phono la- gnenlandka Ztt. 
hucilia ctesar Linn. 

7J 1 sericaia Meig. 
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Tlie hosts reported from America hv Girard t and Saunders (6) 

are 

Musca douiestica Linn. 

OalUphora erylhrocephala Meig. 

Phormia rajhia Linn. 

La-cilia aesar Linn. 

sericata- Meig. 

Chrysomia macellaria Fabr. 

Cynouiyla cadareaiaia I)esv. 

Sarcopltfitja .species 44 K ” (Spec, nova). 

The hosts reported from Australia by Froggatt, jnn. (7) are as 
follows:— 

Pycnosoma rufifacies . 44 Mostly in the field/' 

raripes. 44 To a lesser extent in the field.” 
A f aasteUorh ina augur. a 

Pollenia siyyia . i 

Lncilia sericata . > 44 in the laboratory.” 

Calliphora erythrocephala . I 

Sarcophaga aarifruas. a 


Si:PER-PARASITISM, OR ACCIDENTAL SECONDARY PARASITISM. 

That Xusonia hrevkorms might lie a u Hyperparasite ” upon 
A lysia maadumtor originally occurred to the writer, when the 
second lot of pupariawere collected from the spot at Regent’s Park 
whence the original Braconid parasitized material was obtained, 
and when it was found that this Chaleid was emerging from it. 
However, no Braconid lining to the puparin was observed, at the 
time, in any from which the Ohaleids had emerged : and as the 
initial breeding operations showed that the latter—then undeter¬ 
mined—bred freely from healthy host puparium, it was assumed 
that li hyperparasitism was not the role of A. breviconns : 
although it appeared reasonable to suppose that the Chalcsd 
might act accidentally as a secondary parasite in the early stages 
of development of the Braconid—that is, during the first or 
second instar—and when the greater part of the fly-nymph still 
existed. That secondary parasitism in this early stage could 
take place appears probable; and it does not require a great 
stretch of imagination to conceive the race for life within a 
puparium, in the fly-nymph of which an early in star larva, of the 
Braconid is slowly feeding, when suddenly one by one a dozen, 
more or less, dialed! larva? commence feeding operations from 
the outside of, and through the enveloping integument of the fiy- 
nymph. That the result of such an unequal contest would be 
against the Braconid, it seems only reasonable to assume; and 
that the latter would eventually be killed by the Ohaleids biting 
into it. 'No efforts wereina.de to investigate this point; it 
appeared too obvious a potentiality, and to search the remnants 
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of a fly-nymph for evidence of the existence of the Bruenuid of 
which the clutinized head-capsule of the first in star or mandibles 
of the second would be the sole initial evidence of it* existence, 
would require time, which the writer at that time could not 
spare. 

Later—in October—a reference was found to this subject, 
Graham-Smith (1) on pp. 532-4 and on p. 537, in which another 
Uhaleid, J felittobia acasta VTlk. (9). is definitely stated io act as a, 
hyper-parasite * on A. mandacator , and n passing reference to 
X, bredcornis occurs and to the existence of numbers of then 
undetermined Ohalcid lame in Braconid-lined puparia. Again, 
in November, further reference (Graham-Smith) (4) was found to* 
this subject, and this time referring to the presence of X. bred- 
conns reared from puparia with the silk lining of A. maud am tor. 
This observer states :—“ Puparia collected in the autumn of 1916 
and kept outside yielded in May 1917 38 males and 36 females. 
Some of these autumn puparia had been parasitized by cl. niandu- 

eaior . Some of these autumn puparia remained intact, ami 

were dissected in March 1918. Of these, 28 were found to 
contain living Ohalcid !urva\ and were kept in tubes in a warm 
room. Nineteen of these 28 showed infection with A. maudiimtor, 
Adult Ad brevicornis , 11 males and 48 females, emerged in May 
1918, a year and a half after the puparia were collected.” 

The writer therefore decided to carry out an investigation into 
this important matter; and as the subject is of considerable 
interest, the various experiments are given in detail. 

To begin with, it might be mentioned that the point previously 
referred to—be., secondary parasitism in the early stages of the 
Braconid larva*—was not investigated, for the reason stated. 

The following two experiments were made to verify the above 
quoted statement:— 

Experiment Xo. 1.—A large tube 6 inches x 1 inch was used. 
Into this was placed—on 25th November—one normal size Call l- 
phora pnparium, in which a small fracture of the pupal case was 
made so as to disclose the Braconid lining,and therefore denoting 
the presence of either a full-grown larva, pro-pupa, or pupa. 
Three fertilized and recently-emerged females of X. brevicornis 
were then released in the tube, and on the inside of it a small 
quantity of food was smeared. The tube was kept under occa¬ 
sional observation for four days, during which time none of the 
females -were seen to oviposit, but could be seen crawling over 
the pnparium, carrying out the usual critical examination. 
After 29th November no further observations were made. On 
17th December—21 days later—the tube was opened; the three 
females were dead, and the pnparium was then carefully opened 
under binoculars. In it was found one active full-grown Ohalcid 
larva, two dead and dried-up larvte apparently nearly full-grown* 
and two small shrivelled masses of newly emerged larva*. The 

# There appears to have been nothing else in the tins where this oeeurmi except 
puparia containing individuals ‘of A. manducMor. 
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Braeonid was found to be In the full-grown larval stage, ami was 
only partially dried up. In endeavouring to move the active larva, 
the integument was punctured by the needle, and its unvoided 
waste instantly exuded. 'This caused the writer to form the 
opinion that the four dead larvm of the (Jhalcid might possibly 
have met their death hy a, similar agency'—the seta* and sensory 
hairs (text-tig. 5) on the integument of the full-grown Braeonid 
larva. 

Mxpurinuml No. 2.—Another examination into this point was 
therefore carried, out. On doth December four normal-sized 
paparia, which when fractured disclosed the Braeonid lining, were 
placed separately in glass tubes Nos. 1-4, and into each two 
fertilized Nusomti females were admitted, and a. smear of food 
made on the inside of each tube. They were then corked. 
On 31st December—the next day—tube No. J-> was found to 
contain an active A, nmudneator male. The male wavs released 
in Use Braeonid cage, the Nasoula females were replaced hy new 
ones, and another puparium —a small one— obtained and put into 
tube 3. Occasional examination of the tithes was maintained, 
and, when necessary, fresh smears of food made. On Dth .January 
both females in tube No. 2 were dead. On 10th January, tube 
No. 1 was found to contain an active A . itiandaaUor female ; the 
Nasonki females were still active. A new puparium was put into 
the tube, and that from which the 'Braeonid female had emerged 
was examined. Nothing hearing any resemblance to (Jhalcid larva* 
or eggs was found ; the puparium contained the Braeonid larval 
exuvium, pupal exuvium, the meconium, and white cement-like 
discharge. On I Ith February tube No. 4 was found to contain 
an active female Braeonid; both NasoUia females were dead. The 
puparium was examined, and besides its normal contents, two 
small masses were found adhering to the lining hut which were 
not distinguished. The Nasonia females in tubes Nos. 1 and 3 
were observed to be dead. On 10th .March the contents of tubes 
1, 2, and 3 were examined. No. 1 puparium was opened, and 
found, to contain a dead and shrivel led larva of A. MtmdtnHUor, 
and attacked to it was a. dead Ohalcid larva, and loose in the 
puparium two living Ohalcid iarvm. No. 2 puparium contained 
a dead and shrivelled larva- of A. mmtducalor with four dried and 
shrivelled Ohalcid larvie—very small ones--and all adhering to 
their host. The puparium in No. 3 tube was examined, and 
towards the cephalic ventral end of it a .slit was observed, through 
which part of the head of an adult Braeonid could be seen, as 
though it had tried to emerge, lb was then observed whilst 
opening the puparium that, at the point where the writer had 
made a fracture mid-dorsally in the first place, tit is had either 
been carelessly done, or the female—for such it was—had extended 
it in. her efforts to emerge When bringing the necessary pressure to 
hear upon the cephalic end in order to geti her mandibles into it, 
as she would cause the anterior half to bend with her, so that it 
acted as if hinged, and thus frustrating her efforts to emerge. 
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No signs of Chalcid infestation was observed. The female may 
have died within a few days of the start of (die experiment. 

The foregoing experiments show that, under certain conditions 
--and with fractured puparia —Xasonia can super-pamsitize 
d. mandaccUor lined and inhabited puparia. and in two 
instances three larva) reached full growth. 

Whilst experiment No. 2 was developing, experiments into 
other directions were undertaken. 

It has been previously stated that hlow-ily larva; upon 
recovering from “temporary paralysis’* are stimulated to pupate 
and to escape from the females of A. mandiicator . It was there¬ 
fore decided to ascertain to what depth such larvae worked their 
way into the soil. 

Experiment Xo. 3.—A wooden box with a sliding lid was 
requisitioned. One end was removed, and the sliding lid sawn 
across into strips an inch wide. Thus when placed upright with 
the remaining end as the base of the box, the original base 
formed one side and the sibling lid in strips the other, with the 
original sides as ends. 

This box was then gradually filled with soil which, during the 
building up of the requisite depth, was twice subjected to running 
water to damp it. Seven inches of soil were eventually put in. 
On the same day—9th January, 1920—pieces of liver upon which 
(Iv-larva* had been feeding were placed on the surface of the soil 
in a compact mass. One female A . mandiicator was then caught 
in a tube from the main cage. The mouth of the tube was then 
held over the liver until the female was stimulated to descend 
upon it. As soon as she got on to it, she started examining it for 
larva*. 25 of these, about three-quarters to full grown, were at 
hand ; they were placed near the female, one at a'time, so soon 
as she had oviposited into each of them. In three instances she 
attacked twice, having failed to come in contact with the sub¬ 
stitutes, and in each case the latter were withdrawn and given 
to her a second time. It took 57 minutes to get the 25 larva* 
parasitized. The female was moved hack into the tube and 
given a smear of food on the cork. 8he was allowed to rest in 
the tube for 20 minutes. In the meanwhile another 25 larva* 
had been collected. The female was now released again, and the 
same process started, but she only attacked one of these lame; 
and although others were placed near her, she could not be 
induced to attack any more, and after 26 minutes the experi¬ 
ment was given up for the day. The remaining 24 larva of the 
second lot were returned to their breeding dish, and the female 
caught and left in the tube with food, 

No further action was taken for the next two days. On 12th 
January, 1920, the experiment was continued. The above female 
was found dying; another was therefore removed from the cage, 
and at 2.30 p.m. it was set to work on 25 larvae as before, "hut 
at 3.25 p.m. it suddenly became dark, and, the female refused Iq 
oviposit any more. In this time—55 minutes—she had dealt with 
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20 larva). The remainder, live, were returned to their dish, and 
the female placed in a tube. The siirfa.ee of soil was on this date 
quite dry. 

On 14 th January the contents of the box were', examined, but 
in removing the first inch strip of the “side,” some of the dry 
soil fell out and the dead larva, with it (this is recorded as 1" 
in the table) ; greater care was then exercised in removing the 
other strips. The result is shown for convenience in Table IV. 


Table JLW— d)epth of Soil penetrated by parasitized larva*. 
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When removing the soil, which was done by gradually scraping 
it off with the edge of a steel rule, it was found that at 2 J inches 
down the soil was caked and still damp. This coagulation was 
no doubt due to running the water into the box on very dry soil. 
Heven of the puparia were broken in scraping the soil oil 

Experiment A r o. 4,—Another experiment of the above descrip¬ 
tion was carried out, but in this instance the soil was spread out 
into a, tray and damped before putting it into the box. The 
same wooden box was used, and filled with this soil to a depth 
of 7 inches. The experiment was started in the morning of 
22nd January, 1920. Pieces of liver were placed on the soil, 
and one female A. mandneator allowed to emerge from a. tube on 
to it; 25 larva) were then given separately for ovipositiom The 
female effectively dealt with these in 45 minutes; she was then 
removed and another female taken from the cage. The second 
female was also given 25 larva), and disposed of these in an hour 
and a quarter. Over-parn,situation was observed to take place- 
in one larva in this experiment. 

On 27th January, 1920, five days later, the contents of the box 
were examined by the same process of scraping the soil off; it 
lead not coagulated in this case, and only two puparia. were broken. 
The result of the experiment is given in Table V, 

Table V. shows that 19 larva) went deeper than any in No, 3 
experiment, there being an absence of caked soil. 

Both experiments Nos. 3 and 4 showed that the majority of 
Rraconid parasitized larva 1 reached 2 inches or more under the 
surface of the soil. 

Three experiments were made to ascertain the burrowing 
capacity of 2T. breincornis. Nos. .5 and fi were started before the 
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Table V.—Depth of Soil penetrated by parasitized larvae. 
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writer was in possession of the information gained in experi¬ 
ments Nos. 3 and 4. 

Experiment No. 5.—A cylindrical glass jar was used. It was 
tilled with 5 inches of damped soil: on this was placed a piece of 
liver with some lame feeding upon it. They were mostly full 
grown. This experiment was started on 20th December, 1919. 
On 22nd December it appeared that the lame had ceased feeding 
and had gone into the soil to pupate. The liver, was therefore 
removed, and under it two puparia were found; no others were 
visible. The liver was replaced. 18 fertilized females of Nmonia 
hrv.tnconm were then released in the jar, which was at once 
covered with bolting silk, and. this smeared with food. On 
1st January, 19*20, adult 0. erpthrocepludo were emerging; no 
Oh.al.cids could be seen, so no further supplies of food were given. 
The Hies were left to die, so that nothing should be disturbed. 
Adults-continued to emerge up to 5th January ; a-few days later 
they were all dead. On 10th January, as no living adults could 
he setup neither flies nor parasites, the two puparia on the 
surface were removed, and the, contents of the jar emptied and 
sorted. No attempt was made to gauge the depth to which the 
lame had crawled. The jar was found to contain 47 empty 
puparia- ami an equal number of dead Hies. 14 intact puparia 
were found; these were opened, and yielded four puparia, con¬ 
taining Chalcid larva?; the remainder consisted of dead, fully- 
formed Hies or atrophied fly-nymphs with no sign of Ohaleids. 
The two puparia, from the surface were filled with Chalcid larvae. 
Of the Chalcid females, only 15 were collected ; the other three 
were not searched for a, second time in the soil. 

Experiment No, (>.—This was another burrowing test, in which 
20 puparia were placed at various depflis ranging from two at 
5 tnches to seven on the surface, and were situated near the glass 
side so as to he visible to the observer. The soil used was very dry 
ami lumpy, with a certain amount of fine dust due to the crumpling 
of the lumps. Four females and one male were* released in the 
jar. Mating was observed, The experiment started on 1st 
January 1920; and on 20th February, when the contents were 
emptied and the intact pupark opened—there were only four of 
these, dies had emerged from the rest,—none bore' .any,signs* 
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of Ohalcids. This experiment, therefore, was a complete failure. 
The only point of interest was that; the two Hies placed at; a. depth 
of 5 inches reached the surface. 

Experiment Ah). 7.—This was also a burrowing test. It was 
started on 30th January, 1920. The same ja.r was used as in 
No. 4. It was tilled with 2 inches of damped sod, and on this 
93 newly formed puparia were [dared ; above the puparia, 2 inches 
of damped soil was run in. (The writer was now in possession of 
details of tests 1 and 2.) On the surface of the soil 12 more 
puparia. were scattered, and a piece of liver upon which, larva* 
had been feeding was also put in. The liver covered live of the 
surface puparia.. The liver was used to reproduce, on a small scale, 
natural conditions. 20 fertilized females were redeasod in tin* jar 
on the same day; it was covered with bolting silk and smeared 
with food. The jar was kept under observation. From 31st 
January to 0th February some of the females (amid ho seen at 
work on the surface puparia. From 10th February to 13th they 
appeared to be dying. On the hitter date ( \ e ri/ throwpit ala began 
to emerge, and continued to do so for several days. On 18th 
February all iiies were dead. On J9th February the contents 
were examined. The 12 surface puparia were opened, and a,11 
found to contain 0haloids in advanced or early pupal stage, and 
a few as lame. 72 dead (.ktUiphora were found on the surface. 
The 93 puparia. at a depth of 2 inches below surface were, then 
tun led out, and 72 empty puparia were found ; the remainder, 
21, were still intact, and were opened and examined. No signs 
of the Ohalcids were found ; the contents of these intact puparia, 
were dead Hies in various stages and atrophied nymphs. 

Experiments Nos. 4 and (> indicate that female AWru/a, even 
when confined in a. small space with host puparia covered with 
soil loosely run in, are incapable of burrowing to any extent; and 
in this connection the following observation of Froggatt (T) is 
quoted :it is generally amongst, the pup:e of Ptfc.it m> tit a 
rtrjifactex, and to a lesser extent 7\ varipex, that this species of 
(Jhalcid wasp is fount] actually at work in tlm field. Tin's is 
largely due to the habits of the larva* of these two species, which 
do not era,\vl away from a. carcase to pupate unless tin* remains 
have been much disturbed, hut pupate either just under tlm edge 
of the remains or else atlix themselves to the bones, wool, or other 
portions of the carcase, and thus they are more easily found than 
the other species, nil of which, generally crawl a considerable 

distance from the carcase, and scatter. No definite reason 

can yet he assigned to the apparent distaste of the wasps• for the 
pupa* of (Jplujm mtjra and Pt/enosoma ectripos in the laboratory. 
In the Held the pupa* of the latter species are practically always 
found to he parasitized.'* 

Further, A r asonia does not bear the appearance of a burrowing 
insect; its head, viewed dorsal ly, is wider, than any other part 
of its body, whereas MeliUohm acasta females (specimens of 
which Mr. Waters ton kindly gave,the writer) have a narrow bend 
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sloping backwards ventral ly, aml winch is attached to a tapering 
thorax, narrowest at the back of the head, and certainly better 
adapted for burrowing in loose soil. 

The last point investigated was an examination of all the 
puparia, contained in two jars, of parasitized material obtained 
in the open. The contents of these jars, it should be explained, 
were the result of exposing meat on soil in a. glass receptacle at 
the Society’s Gardens, with the object of obtaining additional 
supplies oi the Braconid. The collection of the contents of this 
receptacle was delayed until 14th August, and when sorting out 
the intact puparia from those from which blow-flies had emerged, 
the writer came across a few dead female Nason ia as well as dead 
female A. nto/nduoatoy. It was therefore assumed that a. double 
infestation had taken place. At the time, an attempt was made 
to differentiate between the puparium of one or other of the 
parasites, but both were in too early n. stage to disclose any 
difference when subjected to transmitted light. The material 
was consequently left unsorted, and emptied into two jars to 
await developments. Nason}a began to emerge on 31st August, 
and in order to give these an opportunity of escaping as they 
emerged, the linen covers of the jars were replaced by pieces of 
mosquito netting, through the mesh of which the females were 
able to escape. .Both jars were placed inside a large glass cylinder. 
This was used as the cage, and in it were put. dishes with supplies 
of blow-fly puparia for the Ohalcids. On 3rd September 
J. mamlucator began to emerge; the Ohalcids were still doing so. 
This continued until 29th September. This state of affairs neces¬ 
sitated constant handling of the jars to release the Braconids, so 
that the contents became disturbed ; and although it was not 
observed at the time, it now transpires that some of the Nason hi 
females never left the jars, but proceeded to super-parasitize the 
Braconids in their puparia, and, further, some of those—the 
progenitors of the above—found dead in the receptacle'when 
the material was collected probably did the same. 

TV hen all the puparia had been collected from the jars, they 
were sorted under three headings:— (A) Those from which 
A . mandneator had emerged, (B) those from which Nmonia had 
emerged, and (CJ) those which were intact. Those from which 
blowflies had emerged had already been removed, arid the number 
is not known. The numbers under the three headings were:—. 
(A) 195, (B) 50, (fj) 506* Those under (A) were put aside, those 
under (B) were dissected for evidence of successful super-para¬ 
sitism, and those under (0) were dissected and classified under 
several headings as follows :—, 


(1) Atrophied fly-nymphs. 

(2) Dead fully-formed flies. 

(3) ,, Braconid larvae. 

(4) „ 1 „ pupae. 

(5) .,y „ adults. 

(6) Active ,, larvae. 


No signs of 01m]cid attack. 
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(7) Unlined pupariu, with active (Jhaleid larva*. (These had, 

KU|*eHie h\ 11 y, lly- 1 *<-nuiins.) 

(8) Bracouid lined puparin, with dead (haleid larva*. (Tin* 

Bracouid,s went in all stages, pup;e predominating.) 

(fi) Bracouid lined puparin,, with aetive (Jhaleid larva*. (Tin sc 
Braconids wove in till stages, pupa* predominating,) 

(10) Bracouid lined puparin, with some dead (Jlmlchl imagines 
and larva*. (These consisted, with one exception, of a i 
least one node.) 

The examination of those puparin, showed that where super 
parasitism had taken place, with the exception of a very few 
instances--the numbers were not noted, the puparium concerned 
was a very small out*, about, the size of J/. do/utwlica, and con ¬ 
sequently, in the ease of a, blow-liy, a, puparium with an exception¬ 
ally thin integument. And, further, that the attack of the 
(Jhaleid larva* had taken plaee in the ahdoimm of the; Bracouid 
where this was an advanced pupa,, the only part whore soft 
integument- exists, dun to tin* distention of the abdomen 
consequent upon the presence of the meconium (text-tig. 7): it-, 
therefore, seems conclusive that a JVasonia female is able to 
distinguish between a. hard surface and one yielding to pressure, 
by means of the apex of her ovipositor, it is worthy to note 
that XasoH'ia appeared to he most effective when the Bracouid 
was a. pupa,—that is to say, in the identical stage of development 
to that of its normal dipterous hosts. 

Tin* numbers under the heading (B) were (1 ) 33 puparin, with 
(Jhaleid exit-holes and unlined by the Bracouid, presumed pii 
nuiry parasitism ; and (2) 17 with Cludcid exit holes and definite 
su|>cr-para,sitism. In each instance the puparium had been lined 
by the Bracouid. /V feature of these 17 puparin, was the position 
of the exit hole: i n 3 it was made in or about the middle of the 
puparium, in (> at the apex of the anterior end, and in 8 at the 
apex of the posterior end. In only one instance had two efforts 
been made to escape. This occurred in one of the 3; a sma.ll some¬ 
what elongated aperture had been made in a. position diametrically 
opposed to the exit hole used. A point of great interest in the 
writer's opinion, with regard to the position of the exit, hole in 
the above, is that in fi the (Jhaleid got out at a point where tlm 
Bracouid lining is weakest—that is, where it is run over tlio pro¬ 
truding chit inked mouth-parts of the late blowdly larva *, and 
in 8 the (Jhaleid got. out at- the next weakest point-—that is, 
where the lining is run over the blow-fly larva's posterior 
spiracles. 

The figures under heading (0) are not given in detail; those 
for sub-headings (1) to (7) do not materially bear on the subject of 
the investigation, hut for 1 and 2 they were very high, and mainly 
due, in the writer’s opinion, to'the unshaded position of the glass 
receptacle and consequent evapm*ation of any moisture in the 
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soil, which was aided by the delay in removing the contents. 
Whereas the figures for (8), (9), and (10) do bear on the subject; 
they are as follows : — 

(8) 69 Braconid lined puparia, with dead Ohalcid larvre, 

(9) 15 ,, ,, „ with active* Ohalcid larvae 

(LO) 23 „ „ „ with some dea-d Ohalcid ima¬ 

gines and lurvm. 

The outstanding point in tin’s instance of super-parasitism is 
that most of it did not Take place in the open, so far as (B) (2) 
and (U) (8), (9), and (10) are concerned ; it actually took place in 
the jars in the laboratory, and in proof of this postulation, the 
puparia could not have been lined by the full-grown larva* 
by 14-th August, or the adults would have emerged before the 
3rd September, and further super-parasitized Braeonids would 
have been in the larval stage if it had taken place in the open, 
whereas the contrary was the case. 

To conclude: it has been shown in experiments Nos. 1 and 2 
that under certain circumstances Xasonia is capable of super- 
parasitizing a Bra corn’d larva within its lined puparium ; and in 
experiments Nos. 3 and 4 that blow-ily larva* attacked by the 
Braconid are stimulated to escape and pupate, and that the 
majority of them—76 per cent.—reached 2 incites and more 
below the surface of the soil; and in experiment No. 5 Xasonia was 
unable to burrow to the depths reached by the majority, 93 per 
cent, of the unparasitized blow-liy larvae; and in experiment No. 7 
definitely failed to reach any one of 93 puparia 2 inches under 
the surface, which is consistent with their behaviour in the Held. 

And, it must be pointed out, that in each instance of super- 
parasitism reported bv Graham-Bmith (1 and 4) it appears that the 
puparia --subsequently ascertained to contain the Braconid 
primarily "--were collected and moved from a “sun” tin to a 
u shade" tin or vice versa; and in the case reported by the 
writer* emerging Xasonia remained, in the jars containing 
Braconid parasitized puparia, which were no doubt dislodged by 
the frequent handling of the jars when releasing Brnconids, Bo 
that in none of these instances were the conditions even 
approaching natural. 

it therefore appears that if super-parasitism takes place in 
nature, it is not very frequent and then only accidental, and that 
whore it does take place in a puparium of a full-grown blow-fly 
larva which has been reinforced by a normal Braconid lining, 
it is doubtful whether the small, short, and rectangular mandibles 
(text-fig. 29, a, 5, c) of Xasonia will enable it to escape; whilst 
in the case of the female Melittohia mmta , this is aided by the 
distinctly acute mandible (text-fig. 20, d) with its one large outer 
tooth. 

* A few of those were found singly in the puparia, and are the largest Nasonia 
larval soon by the writer. 
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IIWDUK{DllATlNU ExPMlIMUNT. 

1’n order to ascertain If the parasites would Ik. 1 able to undergo 
six weeks —the length of sea voyage, to Melbourne*-4u the re- 
SVigorutor of a ship, a, f\*w of the parasites etc. were given a test. 

Prof. Klackman was approached, and kindly gave the writer 
permission to use a small cupboard in a refrigerating machine in 
his department. 

Text-figure 20. 




Mandibles of Xasouki brent corufs male: (a) left; (b) right; (e) right, in profile, 
mit-uv tooth on top, X lDO, Original, (d) Mandible of female M'vlUfahia 
acasht ; only females of this species emerge. After Wafers tun. (d) is not 
proportionate with (a), (b), and (o). 

As other experiments were going on at the time, it was necessary 
to use a burying medium in which no insect life existed, find 
clean sand was therefore used. 

A large glass jar was used as the receptacle, and sand to a 
depth of 3 inches was run into it as a, foundation. A few 
pupa.ria containing A, manducatory A 7 , brevicornis , CalUphom 
erythrocuphala, and a> few lame of the latter species were each 
buried in sand hi separate glass tubes left open ; these were then 
pushed into the 3-inch foundation of sand to keep them vertical. 

The jar and contents were put into the chamber on 28th 
November. The constant temperature was reputed to he 2° 0, 
On loth January—t> weeks and 6 days later—the jar was 
removed to the laboratory and the contents examined. 

One Braconid, a male, had emerged, on what date is unknown; 
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another Braconid pupariurn was found with a dead adult half-way 
out of it, the remainder were intact; one of these was opened 
and huuid to contain a living Braconid larva,, The Ohalcid- 
infested pupnrin, wore all intact; one was opened and contained 
living larva*. The (Jallvphora puparia were intact, and as the 
outline of advanced fly-pupa could he seen in each, they were left 
so ; the Cal Upborn larvae were ail dead. The contents, except 
the lattes*, were returned to the jar in their respective tubes, and 
it was placed about J feet from a Bunsen burner. On 3f>t 1 1 
January one female Calliphora emerged, and in the next four 
days ail had emerged. The Chalcids commenced emerging on 
doth January, and continued to do so for some days. The balance 
of the Bra,con ids began to emerge on 12th February. 

To summarize: both parasites were able to stand the test when 
put into the refrigerator in their respective full-grown larval 
stage—that is, the customary hibernating condition. 

Conclusions upon the Economic Importance of 

ALYSIA MASDVCA70K PANZ. AND XjSOyiA JSttEl {CM1N1S A SUM. 

It is obvious that, in discussing this subject, the writer is only 
able to treat of it from a theoretical standpoint. Butin doing 
so he is influenced by a desire to place on record some opinions 
which have been formed during the course of this work, and some 
of which gain considerable support from the observations and 
writings of those who have dealt with these parasites before him. 

It would appear that both parasites working in conjunction 
would form an excellent combination, the one attacking the 
larval stage, the other the pupal. And between them—it may 
be assumed—a beneficial influence would lie exerted in the control 
of the Blow-fly, 

The occasional and accidental super-parasitism on the part of 
A\ hrerkorvh is blit an assurance of the maintenance of the 
“ Wave Law ” *. It is actually a twofold assurance, because 
although Nmania, may kill the Braconid, it may itself die in the 
course of development or become entrapped—upon reaching the 
imaginal stage—within the silk-lined puparium of the blow-fly 
larva. 

Individually, Alps la wanducator is considerably superior to 
Xasoma hremeoruis as an enemy of the Blow-fly. The former is 
vastly superior in flight—in both, sexes—a.most important factor 
where artificial distribution is concerned; and it is also so from 
the greater number of hosts it can injure and eliminate in the 
course of breeding; the ratio is approximately 40: 1. Its egg 
capacity is nearly four times greater than the Ohalcid, and equal 
to and in some cases greater than that of several species of blow¬ 
flies. In length of imaginal life it is about equal to the Ohalcid ; 
the period of development from egg to imago is longer, and in 
individuals of the same parent a considerable variation takes 

# Pointed out to tlie writer by Prof. Lefroy. 
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place, but. where artificially propagated, this would be a great 
advantage in ensuring a, continual overlapping of generations, 
and so obtain the benefit of its activity throughout its season. 

On the other hand, the females only of N. brevivornhs are 
capable of (light, and which—so far as has been observed — 
consists of long jumps of G feet or so at a time, its commonest 
method of progression being to crawl. The males are semi- 
apterous and quite incapable of (light., and although they are of a 
domesticated “ temperament,” lemaining in the vicinity whence 
they emerge, they a,re very liable to overlook their natural 
functions whilst endeavouring to obtain mastery over rivals, and 
consequently the unfertilized females would, partheimgenetieally, 
produce a colony of males, possibly isolated and incapable of 
finding mates or doing any damage to blow-flies. For these 
reasons, it seems obvious that Nasonia cannot prove to he a 
decisive fact,or in blow-ily control unless they are constantly 
distribut ed in large numbers over small areas. Whereas, if they 
were artificially propagated and distributed on these constant 
refuse-heaps found in and around populous areas, and near 
dung-heaps in town and country stables—whence to be farther, 
unwittingly, distributed,— Nasonia would, on account of its 
semi-socia l and “ domesticatedhabits, prove a most important 
factor in the control of “The Common Honse-or Typhoid-flv and 
its allies, 5 ' which are constantly breeding in such stercoraeeous 
places and when 1 host puparia would lie within crawling distance 
of the Ohalcid. 

* Summary. 

(1) The brooding operations a,ml accumulation of supplies of 
A hfsia niandnmior Banz. and Nason la hreviconiis A slim, com¬ 
menced in July and ceased in December 1919. 

(2) A li/sia ma nrfucator oviposits in the larvae of several carrion- 
feeding Dipbera. Only one parasite emerges from each host 
puparia. Ovum* -parasitism kills the larva. The mean average of 
the life-cycle is 52 days, and as short as 25, Both sexes art* 
capable of sustained (light, and lived over a month in captivity. 
Average percentage of parasitism over three years was 43 per 
cent,, observed by Graham-Smith (4). Average contents of 
ovaries 3C>0 eggs for 12 females. 

(3) Namnia hrevicornis oviposits in the puparia of several 
species of stercoral and carrion-feeding Dipterous larva.'. From 
one to 62 individuals have been found in single puparia parasi¬ 
tized in captivity. The length, of the life-cycle ranges from 11 to 
221 days in different countries. Only the female can fly, and then 
only very short distances, and can live, whilst ovipositing, from 
4 to 6 weeks,but for a considerably less period without host puparia. 
The male remains near the vicinity of emergence, where its life 
is spent in fighting and mating. Average progeny in the case of 
five females—observed by Girnult & Saunders and McCarthy— 
was 113' per female, and affecting on the average only Hr4 hosts, 



HABITS OF TWO PARASITES OF BLOW-FLIES. 


243 


(4) Xasoiiia can net as an accidental soooiuImtv ]mrnfiite upon 
J. manditcalor if and when pipiaria containing the latter are 
within its limited reach. 

(5) Both parasites in their hibernating stage—?. p,, fnil-grown 
larvae—can successfully withstand over 0 weeks at 2' 0. 

(6) Ali/sia wanducator appears to he a more important parasite 
as a natural control for the Blow-fly than Sasunm hrevlcornis , 
which appears to be more effective as a natural control of Diprera 
wliich constantly breed in permanent refuse- and garbage-heaps, 
and where hosts would be within crawling distance, such as 
primarily the Common House-fly, MuscapJomestica. 
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(Submitted for Publication by permission of the Trustees of the British Museum.) 

(Text-figures 1-40; Plates I.-YIU.t) 

Family 0NATHOSTOMIDfE $. 

Cheiraecmthidm Diesing (1861, p. 615). • 

Gnathostomidce Hail liefc (1895, p. 1268). . 

Oxynridm (in part) Railliet and Henry (1916, p. 114). 

Gmtkostomidm Skrjabin (1916, p. 972) [misprint]. 

Iletemkidce (in part) Seurat (1918, p. 25 ). 

This family of nematodes was founded hv Railliet to include 
only the genus Gnaihostoma Owen. Though the fa roily-name 
appears constantly in text-books on medical and veterinary 
helminthology, a comparative study of the genera and species 
which appear naturally to fail into close relationship with 
Gnaihostoma spinujerum, the type-species, has never, to ora* 
knowledge, been undertaken. Such relationships have, in some 
cases, been hinted at by previous writers. The genus Tanqua 
was tentatively referred to the family by Lei per (1908), while 
certain species of E chi noceph alas have been referred by v. Linstow 
to 0'heiracanthus, which is a synonym of Gnaihostoma. One other 
genus, E}\imcys Schneider, 1866, the relationships of which have 
never been decided with any precision §. we now propose to 
include in this family, an inclusion which appears to necessitate 
a division of the family into two subfamilies. Certain other 
forms seem, from their existing descriptions, to be closely 
related (see p. 305), hut in the absence of opportunities for re¬ 
examination of specimens we are obliged to be content with the 
mere suggestion of their affinities. 

" The chief family characteristic is the possession of a pair of 
large, lleshv, trilobed, lateral lips. Each lip is provided externally 
with three papillae, while internally its cuticle is thickened and 

* Communicated by the Sec rut ary. 

f For explanation of the Plates see p. 310. 

X For family diagnosis, see p. 247- 

§ Railliet and Henry (1910) place it among: the Oxyuridw, with Labuhirh as its 
nearest ally. Seurat (1918) regard* it as forming, with Camalianus, a subfamily. 
Carnal! amme. of the family Heterakidie, 

17 * 
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frequently raised into toot-])-like prominences in the ionn of 
longitudinal ridges, which either meet or interlock with those 
of the other lip. 

The (esophagus, in all the genera, is of a simple club-shaped 
type, increasing gradually in diameter from before Jmckward.s, 
muscular throughout, and without specially modified regions such 
as a bull), gizzard, or glandular portion. In some species it is of 
considerable length, measuring up to about one-fifth of the total 
body-length. The usual valves are present at its opening into 
the intestine. 

A. pair of cervical papilla?, usually not prominent, is always 
present in Loth sexes, and the tail of the female is provided with 
a small pair of lateral papilla*. 

The male possesses more or less well-developed caudal ala*, and 
two spicules are always present. The latter may be equal, sub- 
equal, or markedly unequal in length. In the majority of cases 
they have a characteristic ornamentation. 

The species of all the genera are parasitic in the alimentary 
canal of their hosts, usually in its anterior part, and show a 
greater or less tendency to adopt a habit of burrowing in the 
tissues. Some of them are not infrequently found buried com¬ 
pletely in the stomach-wall, where tumours tend to be formed 
round them at the expense of the host. Others, while not 
penetrating to this extent, obtain a very iirm hold by burying 
their heads in the mucous mend,wane. One genus {Gnathmtmna) 
has been found as a rare, and probably abnormal, para-site of' 
man, its habitat in this case being the subcutaneous connective 
tissue and not the alimentary carnal. 

As indications of possible affinities outside the family, the 
following points are of interest 

(1) In Spiro.vjjs the caudal ahe of the male are developed into 
a “bursa” closely resembling that of PhjHuloptera, in that it is 
continued anteriorly across the ventral surface of the body. 

(2) The genus llarteriia Seurat, 1915, appears, in some respects, 
to form a link between tipiroxys and such genera as PhymlopUra 
and Hahronema . 

(3) In Giwthosloma the ventral surface of the caudal region, 
in the male, is partly covered with spinous processes, which may 
he compared with the low papilliform processes that cover this 
region in Phjmloptem . 

(4) The occurrence, throughout the family, of paired lateral lips 
suggests close affinity with the Spiruroidea or Spirmicte (see foot¬ 
note, p. 247). 

It may be noted here that Stephens (in Fantham, Stephens, 
and Theobald, 1916) places Gnathostoma, Tanqua , and Eidularla 
in this family. Wedl (1862) also placed Itktularia near the 
Cheiracauthidea. Hall, however (1916), places it among the 
bursate nematodes. 
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Family Diagnosis. 

(onathostomidjb Raiiiiefc, 1895. 

, ^pinivoLtloa,*(.with two large, trilobcd, lateral lips, Laving 
the cuticle of their inner surfaces thickened and usually raised 
into longitudinal tooth-like ridges which meet or interlock with 
those of the other lip. Tail of mile with more or less well- 
developed lateral aim and two spicules. The vagina runs forward 
from the vulva before giving off the two or four • uterine 
bra,aches. Eggs with thin shells, ornamented externally with 
fine granulations. 


Key to Subfamilies of bhiafchostonndfe. 

A. Cuticle behind the lips distended into a head-bulb 
by four submedum balbmets, a process from each 
of which extends into the body-cavitv beside the 

oesophagus as a cervical sac . G>mthostomincs (p. 234b 

lb Head-bulb, ballonets, and cervical sacs absent . S/tiroxt/hw, 

SPIEOXYINAE, suhfam. n.+ 

These Gnathostomuhc are without head-bulb, cervical sacs, or 
ball one ts. Their lips are characteristic. A deep deft parts from 
the body the whole thickness of the dorsal and ventral edges of 
each, while the pulp of the middle lobe is separated from the 
pulps of the adjacent lobes by indentations so deep as to produce 
an appearance which has been aptly likened by Schneider (1866, 
p. 125) to the club on a playing-card (PI. I. fig. 2, PI. II. fig. 7). 
Each lobe carries a papilla, the subdorsal and subventral papillae 
having conspicuous and the lateral papilhe inconspicuous termin¬ 
ations. The cuticle supporting the inner surface of each middle 
lobe is greatly thickened, and projects anteriorly beyond the edge 
of the lip as a, sharp tooth-like prominence. 

Tdie cuticle of the tail in the male is expanded laterally into 
ahe and centrally into vesicular swellings, which recall the 
ventral fusion of the a,he in Pln/saloptera, There a,re eleven pairs 
of caudal papilhe £, of which two pairs are definitely ventral, one 
pair lying in front of, the other behind, the cloaeal opening; the 
other nine are more lateral. Of these lateral papilhe Kgs. 2 
and 5 are situated more centrally than ,the others; six are post- 
anal and three preanal, and in general tjie distension of the 

* Hull (1916) makes Ilailliet’s supevfamily Spiruroiilea a synonym of Orleyy 
family Spiruridse, of the superfamily Filarioidea. If this system of classification is 
followed, there is no group of higher than family rank, embracing nematodes with 
paired lateral lips, to which the present family can be assigned. We therefore use 
the name of the supevfamily Spiruroidea in this sense, 

f For subfamily diagnosis, see p. 248. 

$ Note. —Throughout our descriptions ami in our figures we have numbered 
the caudal papillae of the male worms consecutively from tlie extremity of the tail 
forwards—the first pair, or “No. 1,” being that nearest tp the tip. 
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cuticle tends to cause their terminations to lie at the bottom oi 
funnel-shaped depressions. Strong oblique ventral muscles occupy 
the whole distance between the cloaca] opening and the anterior 
termination of the ahe, and may depress part oi the premia! 
surface into the semblance of a sucker. There are two subequal, 
delicate, tapering spicules without Manges. 

In the female the tail, when seen from the side, has the dorsal 
surface convex and the ventral concave, and there is a notch on 
its ventral surface just anterior to the tip. The vulva, lies near 
the middle of the body, whence the muscular vagina, runs 
anteriorly before dividing into two thinner-walled uteri, the one 
running towards the head and the other towards the tail. The 
egg-shell is thin, colourless, oval, with fine external stippling, 
a clear space separating it from the granular contents. 

The worms are found attached to, or buried in, the wall of the 
stomach of tortoises in Europe, Asia, and Africa,, and possibly 
America. 

The subfamily contains only the genus Bpiroxys* 


Subfamily Diagnosis. 

SriROXYINvE. 

Gnathostomkhe : without head-bulb, balionets, or cervical sacs; 
lips wide, with a narrowed base and a trefoil-shaped pulp, and 
having the internal cuticle of the middle lobe much thickened, 
the point of the thickened portion projecting anteriorly as a sharp 
tooth ; caudal cuticle of the male expanded into lateral alas and 
a premia,1 vesicular swelling and bearing two pairs of ventral 
papilla?, one in front of and one behind the cloaca! opening, and 
nine pairs of lateral papilla? of which six are post-anal and three 
prea.nal, and which, by reason of the euticular distensions, fre¬ 
quently appear to lie at the bottom of funnel-shaped depressions; 
spicules delicate, tapering and subequal; vulva, near the middle 
of the body; the vagina running anteriorly; the two uteri 
opposed; ova with thin, colourless, stippled shell, from which the 
urnsegmented granular contents are separated by a, space. 


Generic Diagnosis. 

SPIROXYS* Schneider, 18(56. 

Spiro, rys Schneider (186(5, p. 125). 

Bpiroxk Schneider (1866, p. 29) [misprint]. 

Bpiroptera (in part) Rudolphi (1819, pp. 25 & 242), 

Ltsmm(iii part),Rudolphi(1809, p. 193; 1819, pp. 25 & 242). 
? Phpsaloptera (in part) Leidy (1856, p. 53). 

The genus has the characters of the subfamily. 

Genotype; Spiroxys contorta (Rud,, 1819). 

# For key to species,' see' p. 249. For measurements, see Table L, p. 253. 
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Key to Species of Spiroxys. 

A. Lobes of the lips unarmed. 8. contorta. 

11 Each of the three lobes of each lip carries close to 

either edge of its inner surface a sharp euticular tooth. 8. gangetica (p. 251). 


1. Spiroxys contorta * (Bud., 1819). (Text-figs. 1-3; PL L 
figs. 1-4 ; Pi; II. fig. 5.) 

Spiroptera contorta, Rudolphi (1819, pp. 25 & 24*2). 

Spiroxys contorta Schneider (1866, p. 125). 

,, ,, v. Linstow (1909, p. 58. figs. 22 a, 22 6). 

Spiroxys coutortus Railliet and Henry (1916, p. 114). 

?Spiroxys coutortus (Bud.) Seurat (1918, p. 23). 

? Ascaris testudiuis Budolplii (1809, p. 193; 1819, pp. 25 & 
242). 

? Physaloptera contorta Leidy (1856, p. 53). 

We have examined two sets of specimens of this nematode 
belonging to the collection of the .British Museum (Natural 
History), one from Siebold’s collection (which had been removed 
from the stomach of Etnys orbicularis \E, enropcm fj) small, 
without eggs, and presumably immature; the other mature 
and labelled from a water tortoise/’ They have no specific 
differences. 

The worms a,re.much twisted. Schneider describes the body 
as being always bent towards the ventral aspect. This appears to 
be at least usually the case, many of our specimens having an 
elbow-like bend in the neck-region. The head end (PI I. 
figs. 1 & 2) is very slender. Thence the diameter of the body 
gradually increases, nor does it again diminish till close to the anus. 
Except for characters common to the genus the lips are unarmed. 
In dorsal (or ventral) view (PI. I. fig. 1) the tip of the dorsal 
(or ventral) lobe, particularly its pulp, is hooked posteriorly, 
while its anterior edge is rounded off. 

In the male the caudal ala? (PL I. figs. 3, 4; PL II. fig. 5) are 
well-marked ; the amount of their distension, and of that of the 
ventral cuticle between them, varies, but there appears to be 
regularly a considerable swelling of the latter just before the a he 
cease anteriorly (PL II. fig. 5). The ventral papilla* are sessile 
(P3. I. fig. 3). The spieuies (PL I. figs. 3, 4; PL II. fig. 5) are 
long, slender, tapering, and transversely striated, have the ap¬ 
pearance of being hollow, and end in a very fine point (text-fig. 1). 
They do not carry ahe, as was supposed by Schneider. 

In the female the ventral caudal notch is relatively coarse 
(text-fig. 2). The female organs (text-fig. 3) have, the generic 
characters. 

In introducing the name Spiroptera contorta , Bndolphi (1819) 
mentions it as synonymous with Ascaris testudinis, He had 

# For specific diagnosis, mt* p. 251. 
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previously (1809, p. 198) given ns his authority for the latter 
name Braun (in Schneider. 1789), out expms.Hy mentions lltat lie 
hits been unable to obtain the appendix in which this uame 
appeal’s. We also hr.ve failed. Since Stiles and Hassell (1905) 
do not mention this name in dealing with this genotype, we have 
presumed that it is a utouien. and inn. and have disregarded it. 

Text-fig are l. 5 ”* Text-figure 2. 



Text-tip:. 1.— Npiro.t'/fs contort#, Tenniuul portion of spicule. 
Text-tip:. 2 .—Spirojcijs contort#. Tail uf female; lateral view. 


Text-‘figure & 



Sj/irorys contort#. Female genital organs. (Mature specimen.) 


It is necessary to mention Leidy’s (1856, p. 53) Physcdoptera 
contvrta as a possil.de synonym. 11 is description is as follows:— 
u Body capillary, most narrowed anteriorly with the posterior 
four-fifths spirally contorted ; white, with the intestine brown. 
Lips prominent, constricted from the body, trilobate. Tail short, 
conical, acute, in the male with narrow a he each furnished with 
five funnel-shaped pores. 

* For explanation of lettering, «ee p, 310. 
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“Length of the female six lines to an inch ; breadth to one 
quarter <>f a, line; made from one-half fo three-iVunl hs of the size. 

[frequent in the stomach of Emps sevrula, Euti/s reticulata* 
Cklrnlo mrollua, and Kl nosier u tun pennsplranionn, adhering to 
the mucous membrane in the same manner as Phpsaloptem 
eonxtricta" (vale infra, p. 272). 

The general ajjpea.ra.nce, tlse shape of the* lips, the “funnels'** 
of tin* caudal papilla* in the male, and the habitat and hosts ad] 
suggest tha,t this species is either identical with or closely allied 
to Epbroxys eoniorfa , but since the type of Leidv's species cannot 
now ho traced, the question must remain an open one. 

With regard to the tip iron ps contort us (Itud.) of* Seurat (HUB), 
from the African tortoise, Clennnt/s I c pros a, we find the descrip¬ 
tion of this form somewhat difficult to understand. If our 
interpretation of it is correct, Seurats worm differs from the ■ 
European species in the following points:— 

(I) the presence of an internal tooth on each lobe of each lip; 

.(2) the presence of a pair of large papiIke tin the middle lobe* 
of each lip, instead of one small papilla; 

(3) the presence of an adanal, lateral pair of genital papillae 

in the made; 

(4) the presence of an accessory piece in the made. 


Specific Diagnosis. 

* 

Sriiioxws cox tout a (Rud.. 1819). 

A slender $ pi rasps ; the lips without special armature, the jtips 
of the dorsal and ventral lobes, especially their pulp, hooked 
posteriorly; spicules ending in a very fine point; caudal notch 
of female relatively coarse. 

2, Srmoxvs oanoktioa*, sp. n. (Text-figs. 4-6; PI. II. 
figs. 4>-dO.) 

We have examined two batches of nematodes belonging to this 
species, the one collected by Mix Southwell from a host imlentified 
by him as Trionipc ijamjetiem, and the other collected by one of 
us (0. L.) from a tortoise killed iii the Ganges delta, probably 
Trioupx ijemgetiens , The two sets of specimens are specifically 
identical. 

This worm is stouter than the genotype. The head end tapers 
much more gradually than the tail and is usually bent at an angle. 
Close to either edge and near its base each lobe of either lip hears 
a .cuticular tooth on its inner surface (PI. II. figs. 6 & 7). 
Each lip, that is, lias six teeth in addition to that characteristic 
of the genus. In dorsal (or ventral) view the inner face of the 
dorsal (or ventral) lobe is flattened against its fellow of the other 
lip, the cuticular teeth appearing from beneath near the angles 

# For specific diagnosis, see p. 253. 
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so formed (PI. II. tig 6). The mule has well-developed caudal 
ala 3 (’PI. II, figs. 8 it 9),- the lateral papilla 3 being correspond¬ 
ingly buried. The ventral papilke are stalked and eup-sha.ped 
or forked at their ends. The lateral papilla* are more widely 
separated than those of the genotype. The spicules are orna¬ 
mented with granulations tending to arrange themselves in 


Text-figure 4. 



Sj)iro;n/s gangctica. Tail of female: tf, ventral view; b , lateral view; 
c, lateral view of tip. at a higher magnification, to show the c ’ notch,” 



TeVf-%. /mrys gangetivu . Female genital organs. 

Text-rig. €h—Sgh't>,i‘i/s gmigefiea. Ovum. 

transverse rows, and each has a blunt tip surmounted by a clear 
ehitinous cap (PI. II. fig, 10). 

In the female the tail is relatively move slender than in the 
genotype.both in lateral and in ventral viewy, while the notch 
near its tip and the hook formed bv it are particularly delicate 
(VP Ibe generative organs (text-fig. 5) and eggsltext- 

fig. £>) are of the generic type. 
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Specific Diagnosis. 

HmiOXYS G A NOETIC A. 

A stoutisli Spiroxtfs ; each lip carries a special armature of six 
fine sharp teeth-, one on either edge of each lobe; the flattened 
inner surfaces of the dorsal and ventral lobes are applied to those 
of the opposite side; spicules end in a blnnt point; caudal notch 
in female very fine. 


Table I.—Measurements of the Species of , 
(All measurements in millimetres.) 

8. con to Ha. 

! 

_ _ . ... 

Sph'oxys. 

, S. (fan get tea. 

Length . 

15-25 

¥■ 

20-4-30 

' <?. 
30-43 

?• 

•18-50-3 

Thickness . 

1 0*5-07 

0*45-0*6 

0*75 

0*S5-0*05 ! 

Lips: dorse-ventral diameter. 

0*11-0*13 

0*13 

0*11-0*13 

0*13 

Lips: length ... 

0*05-0*00 

0*00-0*07'0*14-0*10 

0*10-0*2 

Distance between striafcions of book. 

0*005 

0*004 

0*0125 

y 013-0*0175 

Distance from head-end to cervical pa pillar.. 

o*05~l*O 

O'l-O'O 

— * 

1*2-1*275 

1*125-1*5 | 

„ „ „ nerve-ring . 

0*5-0’7 

0*75-0*825 

0*8 

„ „ „ end of oesophagus 

TO -3*0 

2*4—3*0 

3*0 

4 to 4*3 

„ „ excretory pore ... 

Length of tail . 

0*45-0*75 

0*6 

0*025 1*15 

OT-TG 

U‘3-0’4 

0*5-0*55 

li*35 
(R. 2*1 
l L. 2-25 

0*65 

Length of spicules ... 

2*37-3*0 

- 

_ 1 

Distance from tip of tail to vulva . 

— 

8*2-13*6 

— 

20-27 ! 

j, ,, „ caudal papilla* ( ? ) 

— 

Not SHUl. 

— 

0*32 j 

Size of ova (maximum) . 

— 

0*07X0’U5j — 

0*06X0*04 


Table II,—Hosts and Distribution of the Species of Spiro.rj/s. 


Species. 

Host, 

Locality. 

Recorder. 

8. eonfoHa. 

Emits \ Test wlo ] orbicularis. 

Europe, 

Luilolplii {1810). 


[E. Mirofxea. j 

Emus [Tesftuito j orbicularis. 

[ K. ! ala rut. j 


Schneider (1*866). 


” 

v. Lin stow (1009). 


Emits [ Test mlo ] orbicularis. 

[E. euroyxea ,, 

if 

Haylis & Lane 
(present paper). 

, 

* 

Emits [ Testinto \ orbicularis. 

(“ \Vater-Tortoise. M ) 

” 



Emus surrata. 

N. America. 

Leidy (1850), 

| [Recorded as Fhi/sa- 

j ioptera coutoHa.} 

i 

Emi/s reticulata. 

JJ 

| i 

Cist ado Carolina, 

» 

ft jj 

i | 

K i no stern um pemsgl van i cum. 

5J 

if if 

' S. gan-ge tica. \ 

Tr'wni/x gangetieus . 

India. 

Raylis & Lane 
(present paper). 
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(JXA.TJiOSTOAfIXJ^2 suhfaim n. 

Tho members of this subfamily are charneftn'jVed by tho 
possession, mimed late! v behind tlie lips. of a cuticular swelling, 
Avliidj wtj term the head-bulb." This head-bulb always eon- 
tain* four siibglohular. submedian, membranous structures, for 
which we use the expression Wk ba.ilonets." Each of these is 
connected by a narrow neck with out* of the tom* opiums which 
have been called by several anchors *’conical glands," hut which 
we prefer to name ** cervical sacs." The latter are elongated, 
apparently unicellular, thiek-waiied. hollow, blind organs hang¬ 
ing freely into the body-eavitv at the sides of the (.esophagus. 
Externally they are provided with a. coat of fibrils showing a 
spiral arrangement (text-tig. 17} and probably contractile. The 
protoplasm lining the sac* internally probably secretes a, fluid into 
the lumen. 

Tut- cuticle of tlie head-bulb may be simply raised into 
transverse ridges or pronounced strialions with projecting 
posterior edges; or the striatums may be beset with rows of 
chitinoid lie,>oks, strongly resembling the ** rose-thorn ? * tvpe of 
hooks found in certain tCesfodes, such as Dipyliditmi. The 
hooks are embedded by means of their own roots in the cuticle, 
raid are not merely outgrowths of the cuticle itself. 

The external surface of the head-bulb may be unaffected by 
the .presence of the ballonets within; or may he indented 
between the ballonets so as to give an external expression of 
the internal structure. Between the hallonets, sometimes push¬ 
ing in the ba lionet-membranes before thorn, certain muscles ran 
up to the lips, crossing the cavity of the head-bulb obliquely in 
such a way that when contracted they serve to shorten the 
bead-bulb in an antero-posterior direction. The function of the 
head-bulb is probably to act as a burrowing-orgun or holdfast. 
The worms presumably iirst bury their heads in the tissues of 
the host while the hcad-hulb is in a. deflated condition, and then 
the cervical sacs, contracting, force their contained fluid into the 
balionets, thus distending the head-bulb. Tho cuticular stria- 
tions and hooks are additional structures rendering the whole 
apparatus more effective. 

These various structures, with the exception of the ballonets, 
have been noted hv previous writers, but quite a. different inter¬ 
pretation has usually been put upon them. Eedchenko (1872), 
working on Uuathostoma hisjriduM, seems, according to our. 
translator, to have believed that the matter inside the head was 
secreted !>v the four cervical sacs, and he thus comes nearly to 
our own conclusion. He notes tlie structureless necks into 
which the sacs pass, but lias observed no actual connection 
between the sacs and the head-bulb. On the other hand, the 
prevailing interpretation is due to v. Linstow, who describes 


For subfamily diagnosis, see p. 255. 
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(]H9/»‘) iii the same species mm elaborate urrmigmu* 'lit bv which 
duets from the two cervical .sacs «»f racO side unde into a common 
duet., each common duct piercing the corresponding lip run] 
opening on its outer surface by a. eonsnienous pore 0*ul5 mm. 
in diameter. Tiie .same author (IhOdm) has also described a 
similar arrangement of duets in Tanqoa Ham. 

von R;i.tz (I'd00}, for (hmthosLoahi hlspblanp and Leiper (1009}, 
for fr\ sia-muuse, follow the very circumstantial description of 
v. Lin stow. 

The balloneis, or rather their contents, seem to be referred to 
by v, Li us tow as the ** MarksuhstuiiK ” of the liea.il-m nscles. but 
theiv essential nature, a.4 closed membranous sacs, has escaped 
the attention of all these observers. Now, in viewing the head 
of one of these worms a.s a transparent object, it is easy to 
mistake the muscles that run across the head,-bulb for continua¬ 
tions of the cervical sacs, or ducts connecting them with the 
exterior. One of us (Beylis, 1915) fell into this error in the 
ease of Tan qua , and suggested the presence of pores on the 
anterior surface of the *• striated swellings ” ( ?. c., the head-bulb). 
Tin's is the chief mistake into which other observers have 
probably fallen. The i; pore ?? on the outer surface of the lip 
described bv v. Lin stow in Gnaihostoma corresponds in position 
to the lateral papilla which we find throughout the subfamily. 
This papilla sometimes terminates in a little u dimple” of the 
cuticle, which might give it the appearance of a pore; further¬ 
more, when seen in transverse section, as in v. Limstowks ease, 
the large nerve running up to the papilla might easily give the 
impression of a duct. The central portion of the nerve then has 
a reticulate appearance, and under a low power rather suggests the 
lumen of a, duet. 

We have been able to trace the cervical sacs into the ballonets. 
but are unable to find any external opening, in series of sections 
of Eeldtioeephcditx and of Tina pm (text-fig. 10), and there seems 
to be no reasonable doubt that the arrangement is similar in all 
the genera, ami species. 


Subfamily Diagnosis. 

• G X AT UOSTOMIKVE. 

% 

Gnathostomichu j with a cuticular head-bulb provided either 
with marked transverse striations or with rows of backwavdly- 
directed hooks, and containing four membranous, ’ submedian 
ballonets, the cavity of each of which is in communication with 
one of four elongated, blind, cervical sacs hanging freely in the 
body-cavity. 

Habitat (adult); stomach or intestine (exceptionally other parts 
of the body) of fishes, reptiles, and mammals, 

Type-genus: Gnathostoma Owen, 1836. 
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Ivey to Genera of Gnathostomime. 

A. He: id-bulb furnished with transverse eutieulur ridges 

having sharp. biuduvurdly-projrcting edges, but 
without books .. Tmujiia. 

B. Heutl-bnlb armed with transverse rows of recurved 

books. 

a. Duly unarmed . Echhioceplialus (p. 273). 

h. Body partially or wholly armed with backwardly- 

direeted spines . Gnathostomi (p. 291). 


TANQUA* It. Blanchard. 1904. 

4 

A scar Is (in part) v. Linstow (1879. p. 920). 

„ „ fttossich (1890. ]_». 52). 

llderalds (in part) v. Linstow (1904 a, p. 97). 

Ctenocephalmf v. Linstow (1904 a, p. 102). 

Tunqan 11. Blanchard (1904, p. 478). 

Intrude nos v. Linstow (1904 5, p. ,*>01). 
r „ (1900, p. 173). 

This genus is characterized by having the large cuticular 
head-bulb unarmed, but marked with coarse and very distinct 
transverse striations, having their posterior edges projecting so 
■as to give the outline of the bulb a more or less serrated appear¬ 
ance in optical section. 

A former brief account given by one of us (Bavlis, 1.916) of 
this genus requires some correction in the light of further work. 
Thus the lips are definitely lateral, ami the statement formerly 
made to the contrary (following the erroneous orientation of 
von Linstow) is withdrawn. 

The lips are curiously asymmetrical, each being twisted slightly 
towards the dorsal or ventral side, iu such a way that the teeth 
of the middle lobes cross each other like the blades of a pair of 
scissors. The dorsal and ventral lobes of each lip do not, as was 
formerly supposed, hear each a single tooth, but each is bilobed 
on the inner surface so as to form two teeth. There are thus 
live teeth on each lip, ami these interlock with those of the 
opposite lip. giving a very close bite, which enables the animal 
to obtain a than grip of the tissues of the wall of its host’s 
stomach. 

The head-bulb is divided by longitudinal indentations into 
either two (a dorsal ami a ventral ) or four (submedian) portions. 
In the interior of the bulb are contained the four ballonets with 
delicate membranous walls, the cavities of which are in com¬ 
munication with those of the four cervical sacs. When the 
head-bulb is divided into four swellings, each swelling contains 
one of the ballonets ; while in the forms which have only two 
swellings, two ballonets are contained in each. 

For generic diagnosis, sec p. 1258, 
t Not Ctenocephctlns Ivoh, 1857 (dipteron). 
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The cuticle immediately behind the head-bulb always shows an 
invagination forming more or less of a “collar” round the neck, 
i n one species this invagination is so highly developed that the 
worm can withdraw its entire head into a prepuce-like sheath of 
cuticle. In species in which the collar is less highly developed, 
portions of the host’s tissues are not infrequently found caught 
between it and the back of the bead-bulb, so'that the collar 
appears to function as an accessory apparatus for enabling the 
worm to secure itself. 

The cuticle of the body is thick and tough, and is marked with 
fine transverse striations, but otherwise smooth. The cervical 
papilko are usually situated at about one-fourth of the length of the 
•(esophagus from the anterior end. The excretory pore is situated 
at a,bout the same level, ora little in front of it, on the ventral 
side. 'The oesophagus is usually rather long, ami the cervical 
sacs relatively short, extending beside* it to not more than 
one-third of its length. 

The tail of the male is curled towards the ventral side, and 
is provided with strong oblique muscles for this purpose. The 
caudal alto are rather well-developed, extending from a little in 
front of the cloaca! aperture to near the tip of the tail. There 
are always eight pairs of caudal papilla?, which vary very little 
in arrangement in the different species. The papilla? are of 
dilforent sizes, the largest being always those of the third, fifth, 
and seventh pairs. The fourth and sixth pairs are always small, 
and more ventral in position than the others. The cloaca opens 
at about the level of the fifth pair, and consequently the fourth 
and sixth pairs form a small, ventral, eircum-anal group very 
much like that seen in Spirnxps. All the large papilko in Tanqim 
show an extremely characteristic structure, having a very large, 
swollen, basal portion and a tingor-shaped termination. 

The spicules are equally characteristic. They are tubular, 
cylindrical, and equal in length, and always present a rasp-like 
appearance, owing to a, covering of minute irregular granulations. 
Only the extreme tip is smooth, and this is usually of smaller 
calibre than the sha ft of the spicule, forming a. little rounded or 
conical projection. 

As regards (.lie female organs, the vulva is situated in the 
posterior half of the body. The vagina, runs forward fora longer 
or shorter distance before opening into the uterus. The latter 
ninv consist of two or four branches. When two .branches 
are present, they are opposed — i e., one runs forward and the 
other backward. "When four are present, three turn forward 
and one backward. Various swellings, functioning as recepta- 
cula seminis or as egg-reservoirs, occur in the course of the 
uterine tubes, hut their position does not seem to be constant* 
In fact, the general shape of the uterus varies so greatly in 
different specimens of the same species''that the expansions of 
the tubes appear to be of a temporary nature, and cannot be 
made use of for systematic purposes. 
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. It is a curious taut, that tin*, number of tUerino branches in 
this get ms appears to he in duvet eorivl:! tion with (he number 
of external divisions of the head-bulb. In the tonus parasitic 
in snakes, whore the head-bulb is composed of two portions 
onlv, the uterus has two branches; while in 1\ tiara , where there 
are, in the adult, four .swellings-on the head-bull), there are also 
four uterine branches. 

Nothing is known of the development or life-history of any 
of the species of Tanqaa. The hosts, so far as is known, are all 
carnivorous reptiles, and belong to senii-atpiatic genera ; and it 
is not unnatural to suspect that there may he an intermediate 
host which lives in or near fresh water, and is eaten by the final 
host. 


Generic Diagnosis. 

Tanqua * K. Blanchard. 

Criiathostominfe : head-bulb coarsely striated transversely, un¬ 
armed, divided externally into two or four swellings containing* 
the 1 'bnlionets. Body unarmed. Each lip with five teeth, inter¬ 
locking with those of the other lip. Cuticle behind the head-bulb 
forms a more or less pronounced collar or invagination. Tail of 
inale with well-developed ake and eight pairs of papillae of which 
the largest are the third, fifth, and seventh. The fourth and 
sixth pairs small, ventral, and forming a circum-anal group. The 
larger papillae have a large swelling before the finger-shaped 
termination. Spicules equal, tubular, rasp-like, with smooth 
tip. Yulva in posterior half of body; vagina running forward 
from the opening. Uterus consists of two opposed branches, or 
of three anterior branches and one posterior. Eggs oval, with 
thin shell ornamented with fine granulations. Embryos not 
fully-formed at the time of laying. 

Habitat: stomach of semi-aquatic lizards (Yara.nidie) and 
semi-aquatic snakes ( Tro-pidonaius , etc.). 

Genotype : T. tiara (v. Linst., 187i>). 


Key to Species of Tanqua t. 

A. Head-Mb with four swellings. Uterus with four 
brandies, three anterior and one posterior. Parasitic 


in semi-aquatic lizards (Varanidie) .... T. tiara (p. 259). 

B. Head-bulb with two swellings. Uterus with two branches, 
opposed. Parasitic in semi-aquatic snakes. 

a. Head retractile ... T. rliadema (p. 2(18). 

h. Head not retractile.;. 1\ cmomala (p. 204). 


* For measurements, see Table III., p. 270. 
f For doubtful species, see p. 271. 
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1. Taxofa tuba* (v. Linst., 1879). (Text-fig* r~15; FL IIP 
figs. 31-13.) 

-hearts tiara v. Linstow ( 1879, y>. 920 : }■]. v. Mg. 1 
„ ,, Parana (1898, p. 11-1). 

Cimiocephalm tiara v. Linstow (1904 m ]. 152; yd. i'i. a as. 
23-27). 

T.'iaqna tiara K. Blanchard (1904, a. 478), 

„ ,, Leiper (1908, p. 189). 

,, ,, (in part) Bay 1 is (1916, p. 224: text-fig. Ip 

Tetradenos tiara v. Lin stow (1904 h, p. 3^1). 

(1900, p. 173). 

The specimens from Tropidonoius nsperrimms. previously re¬ 
ferred by one of ns (Buylis, 1916) to this species, have now been 

Text-figure 7. 



redetermined as T. anouuda (v. Linsfe.) (q. i\). T. tiara being 
restricted to the forms, from various species of Monitor lizards 
(VTiranidaf). The description of the caudal papillae of the male of 
2\ tiara then given was correct, though the specimen figured 
(l. c., text-fig. 2, p. 226) was not T. tiara , but T. miomala , which 
in this respect is hardly distinguishable from it. The structure 
of the female genital apparatus was not completely elucidated,, 
and will be given here in greater detail. 

* For specific diagnosis* see p. 281. 

Pnoc. Zool, Soc. —1920, 1*70. XVIIJ. 18 





'Win f.Q 





Tr-a-lkai e 10. 




Tanqita Haw. Tran-verse «vrhm,s through the anterior region. A, at about thi? 
unthlle of tlio head-bulb; i». at the bv.iA of the head-bulb; C s at the* level 
of tin.* cutivnlar collar. 



Text-fig. 11.—- Tan%M tiara. Terminal portion of spicule. 

Text-fig.' U.—Tanqiid tiara . Tail of female; a t lateral; b } rental view.' 

18 * 
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The species appears to he widely distributed in India? Ceylon,, 
the Malay Archipelago, Australasia, and Africa., and shows litt le 
local variation except in size. 

The lips (text-tigs. 7 8 : PL Ill. tig. 11) are large and thick,, 

mid somewhat battened in front as seen in a. dorsal or ventral, 
view (text-tig. 7). In very young specimens the shape of the 
lips is more conical (text-fig. 9). When the lips are viewed f rom 
the dorsal or ventral side (text-iig. 7), there is seen on the edge 
of each tooth a little pointed projection which appears to he the 
expression of a, ridge running along the inner surface of the lip, 
and recalling the dentigerous ridges met with in certain 
Ascaridre. 

The head-bulb is large, and is distinctly divided (in mature 
specimens) into four swellings by longitudinal depressions in the 
mid-dorsal, mid-ventral, and middateral lines (text-figs. 7 A K ; 
PL III. fig. 11). In very young examples (text-fig. 9), measuring 
from o to 7 nan. in length, and in which the lips are not yet 
fully formed, the head-bulb shows only two swellings, situated 
dorsallv and ventrally. The transverse striations on the head- 
bulb (in the adult) are discontinued at the depressions width 
separate the four quarters of the bull*. 

The collar-like eutieukir invagination behind the head-bulb is 
well-marked. The oesophagus occupies about one-fifth of the total 
length. The cervical sacs are only about one-quarter of the 
length of the (esophagus, or less. 

In the male the fifth, or adanal, pair of caudal papilla- 
(PL HI. ligs. 12 & 13) is the largest. The intervals between the 
second and third, and between the seventh and eighth, pairs are 
longer than the rest. The spicules have a small, smooth, 
rounded tip, just in front of which the diameter of the spicule is 
slightly reduced (text-fig. 11). 

In the female the tail (text-fig. 12) is short, straight and 
conical. The female genital apparatus is highly characteristic. 
The vulva, is situated towards the posterior end of the hod)', 
within the last quarter of the total length. The internal organs 
consist essentially of a vagina and four uterine tubes leading 
to four ovaries. The four divisions of the uterus are invariably 
arranged on the same general plan, three of them passing oil* 
towards the anterior and one towards the posterior end, A 
considerable amount of variation appears to exist, however, in 
their mode of origin. Sometimes (text-fig. 13) they appear to 
originate separately from a common narrow stem which is con¬ 
tinuous with the vagina—first, the posterior branch comes of! 
and sooner or later turns back more or less parallel with the 
vagina ; then a little further forward one branch comes off and 
runs forward; and, finally, flie common stem bifurcates at its 

* In this connection it h interest in- to note that another nnmitoile iron* a 
AI emit or (I'fnm I opt cm vantvi Parana, It 00 \—P,fjm'lrowia Leiper, 19u8j) also 
has a lour-fohl division of the uterus. 



L’ext-fififure 



Tanqna tiara. Female genital organs, (Young sjieciinuu from Zanzibar.) 
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anterior end to form two parallel branches which also run 
forward. 

At the opposite extreme we have observed cases (text-fig. 14 ) 
where the vagina runs into a more or less oblong, swollen 
uterine sac, which gives off a single branch at its posterior end 
and three branches side by side anteriorly. Between these 
extremes of variation there appear to he intermediate forms 
(text-fig. 15) in which the point of origin of the first of the three 
anterior branches shows a greater or less tendency to approach 
that of the other two. The shape- of the common uterine 
chamber varies considerably. We are unable to recognize in 


Text-figure 15. 



Tanqun tiara. Female genital organs. (Young specimen from Nigeria.) 


these varieties in the form of the female organs any of systematic 
value, since we have found the same range of variation in 
material from both Indian and African sources, and since the 
extremes are, as has been stated, connected by intermediate 
forms. 

Specific Diagnosis. 

Tan qua tiara (v. Linst.), 

Head-bulb divided in the adult into four swellings, each con¬ 
taining a single hallonet. Head not retractile within the 
canicular collar. Yulva within the last quarter of the body. 
1. rents with three anterior branches and one posterior. 

Habitat: stomach of semi-aquatic lizards (Yaranidm). 

For list of hosts, .see p. 271. 

2. Tanqua axomala * (v. Linst... 1904). (Text-figs. 16-20; 

PI. IT. fig. 14.) ‘ /vo 

Ret era Ids cmomala v. Linstow (1904 ff, p. 97; ph i. ims. 

^ 10 - 11 ). 

7cm qua anomala Bavlis (1916, p. 220). 

7. tkra (in part) Baylis (1916, p. 223; text-fig. 2), 

Of this species we have now, through the kindness of Dr. 
J". Pearson, of the Colombo Museum, had the opportunity of 

* For specific diagnosis, see p. 208. 
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re-examining two of the original specimens. These were, unfor¬ 
tunately, both females, no male being available, but we Lave 
been able not only to confirm our >uspieiw> as to the species 
belonging to the genus Tanqua, but also to compare the type- 
specimens with our own examples from Indian snakes, and to 
satisfy ourselves that these belong to the same species. 

This form appears to be very variable in size, while constant 
in other characters. The extreme size-variations we should 
certainly have been inclined to regard as being at least sub¬ 
species, had we been able to find any definite anatomical 


Text-figure 17. 



Text-fig, W.—Tangna anomala, Head arid usophflgwil region,* lateral view. 
(The cervical sacs are unusually short in this specimen.) 

Text-fig. 17 .—Tanqnci anomala. Anterior end ; nearly ventral view. 


differences in support of this view. The type-specimens in the 
Colombo Museum, from Tropidonotus piseator in Ceylon, are 
among the smallest, while the largest examples we have seen 
came from a snake of another genus (Homedapsis buccota) in 
Siam. 

The anterior part of the 'body, (text-fig. 16) is tapering. The 
lips (text-figs, 17,18) are large and 'prominent, and more conical 
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in shape, when viewed from tlie dorsal or ventral edge* than 
those of T. tiara. Some of the worms were received, in spirit, 

Text-figure 18. 


r. 



Tcuhiua tnimnala. Anterior end; Literal view. 


Text-figure 19. 



Ifinqtua dtimnuht. Tail of male; ventral view. 


Mill fiimly attached by the lips to the stomach-wall of the host, 
and it required a considerable pull to remove them. 






ittomala. I'Vmali* gonitul oiftsuirf. (Young ^ 
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The head-bulb (tc-xt-iiirs. 10-18) is, relatively to the size oi 
the worm, very small. It consists of two hemispheres separated 
laterally halt continuous tlorsully ami ventraiiv, and is thus 
comparable with that of very young examples of T. tiara. The 
striatums are very well-marked. 

The (esophagus occupies from one-twelfth to one-eighth of the 
total length. The cervical sacs (text-figs. 16 & 17) are relatively 
short, extending through, roughly, the ilrst quarter of the length 
of the ^esophagus. 

There is nothing in the number, shape, or arrangement of the 
caudal papilla) of the male (text-fig, IS); PL IV. fig. 1-1) to dis¬ 
tinguish this form from T. tiara . The preaiml “sucker-like 
organ.” referred to hv v. Linstow (1904 a), appears to us to have 
been simply the terminal portion of the intestine, seen in optical 
transverse or oblique section by transparency through the body- 
wall. "We can find no superficial sucker-like organ on the ventral 
surface. 

The vulva is situated at about one-third of the body-length 
from the posterior end. The vagina is short, and opens at right 
angles into the uterus. The latter lias two branches, which usually 
proceed at once from the termination of the vagina, to run 
{Ulteriorly and, posteriorly respectively. In a, young specimen 
from Tropidonotas asperrimm (text-fig. 20), the muscular vagina 
appeared to he very short, and continued as a, common uterine 
tube for a short distance before the divergence of the two 
branches. 


Specific Diagnosis. 

Tax QUA AXOMALA (V. Lirist.). 

Head-bulb divided in the adult into two swellings, situated 
dorsal iy and ventrally, each containing two ballonets. Head not 
retractile within the cuticulnr collar. Vulva at about the 
junction of the middle and last thirds of the body. Uterus 
with two opposed branches. 

Habitat: stomach of semi-aquatic snakes (. Tropidonotn s. etc.). 

For list of hosts, see p. 271. 


8. Taxqua dumma* Bavlis, 1916. (Text-figs. 21-23; PL III. 
fig. 15; PL IV. fig. 16.) 

TamjKct diadem a Bavlis (1916, p. 227 ; text-figs. 3, 4). 

This specie?, which is now redescribed with some slight correc¬ 
tions, is readily distinguished from the preceding form from 
snakes by the prepuce-like fold of cuticle within which the 
head-bulb and lips can he completely retracted. The cuticle, 
especially anteriorly, is often very thick and wrinkled, reminding 
one of the condition frequent in GnaiJwstoma, 

For, specific diagnosis, see p, 271. 
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The head-bulb (text-fig. 21) i> divided into two hemispheres, 
as in T. a'iiomala. The lips {text-lig. 21) are rather large 
relatively to the head-bull). The oesophagus occupies about 
one-tenth of the total length, The cervical sacs are short. 

In the male the tail (PI. ill. fig. 15 ; PI. 1Y. fig. 16) has 
ratlier wide ake. The caudal papillae are similar in liumher and 
arrangement to those of tlie other species. The second pair from 
the tip of the tail, however, are relatively small in some specimens, 
and clo not always show the basal swelling to a very marked 
extent. The spicules are suddenly narrowed at the extremity to 
form a little, conical, smooth tip (text-fig. 22). 


Text-figure 21. Text-figure 22. 



Text-fig. 21 .—TawjMt rfuida>ui. The heinl, with the cnticular slieatli ivinrivtil : 


dorsal ;or ventral) view. 

Text-fig. 22 .—Tunqm dlrlevtu t. Terminal portion of spicule. 


Text-figure 23. 



Tampux diadma. Female genital organs. (Mature specimen.) 


In the female the tail is tapering and sharply pointed. The 
vulva opens in the middle third of the body. The vagina (text- 
fig. 23) is short and thick. It opens at right angles into the 
uterus, the two branches of which at once pass off in opposite 
directions, without further subdivision. 




T.Mii*K 1 i I. Men s men unis o i the Species of Tiuty 
(AIL measurements in millimetres.) 
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.SpsoiSc Diagnosis. 

Taxqua diauema Baylis. 

Head-bulb divided in the udr.lt into two swellings, situated 
dorsaily and veiitrailv, each containing two ballon ets. Read 
retractile within the cutioulav collar, which forms a prepuce-like 
sheath. Vulva, in middle third, of the body. Uterus with two 
opposed branches. 

Habitat: u intestines * J (? stomach) of a snake, Helkops im*ju- 
latu.8 , in Brazil. 


Table IV. —Hosts and Distribution of the Species of Tmqw . 


Specie-;. j 

Host. Locality. 

Her order. 

T. tiara .! 

Varanus “or net fits” ' Natal. 

(probably J~. alhiguhtris). 

: v. Liustow (1879). ! 


Vurar v.s salvator. Sumatra, 

; Parona (1893}. 


Cerium. 

v. Linstow i iOu-l-n). 1 

| 

„ India. 

, Baylis k Lane ; 

(present naner). 1 

[? T. tiara ] ...! 

„ _ Fed. Malay 

1 Leiper (1908). ! 


\ttydrvwiiirnshteittatii8d State*. 


. 

; Tar<nn:s goitldii, j Australia or 

1 New Guinea. 

: Parona (1898). ! 


i Varaars bergah-nsis. . Ceylon. 

v.Lsnstow(190l-rt), 


: Varctrrs aiiaticus. . White Nile. 

: Leiper (1908). 


; „ Gold Coast, 

Baylis (1919). 

| 

[r. spd ! Zanzibar. 



IdoviK as rsantht-u, aliens. : Northern 

‘ Baylis (U-IBG 


Nigeria. Gpeciimns deter- ! 

Hi hied by helper ' 1 .. 


T. <htomalu . : Trapid on'das jiincahir. 

(Avion. 

v. Linstow (lOOLO. ! 

5: 55 

India. 

Baylis & Lane 1 

! Tropidm,iotas cspfrrimus 

Ceylon. 

Baylis (191.1) V- 1 

= 7 T . S'j 


corded as T. tiara .! 

» local bam of V. pisrator). 

^ JJ.iiiilt!itiprhi 

Siam. 

! Baylis <fc Lane ' 

; ki Water-snake." 

India. 

(present paper). 

;t Snake." 



| T. tlunlcnm . llclirops [Tranops', align- 

1 Brazil. 

Baylis (1030). j 


htiitX. 


Doubtful Species of Tanqmt . • 

Ascaris spileroolpuala Ruth, 1809. 

Rudolph! (1809, p. 188).. 

On account of certain resemblances between the characters of 
this species, as described by Rudolphi, and those of the worms 
of the Gmthostomid group, we mention it here for the sake of 
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completeness. It i.s quite uncertain to what genus it belongs, 
but if itudolphis account of the head-bulb is correct it seems to 
approach more nearly to Tauqna then to any other. On the 
other hand, its host (a fish) and its habitat (the spiral valve of 
the intestine) suggest very strongly that it may have been a,u 
EcJdiiocPpfiedits (q. 7 \, p. 273). .Budolphi distinctly states, how¬ 
ever, that the head-bulb is transversely striated and composed of 
two hemispheres, and lie makes no mention of any armature 
of nooks or spines. 

The species is briefly diagnosed as follows:— 

“ Ascaris : aicmbrcma capitis atriaqae semiorhicalari , striata ; 
cauda ohtasinsculuE 

Tim following is a rough paraphrase of the further account 
(originally in Latin) of the worm, which was found in the lower 
part of the intestine of the Sturgeon, Aeipeuser stnrio , in the 
spiral valve. 

Worms an inch long, slender, white. Head spherical to naked 
eye, separated from the body by a, constriction, and in flexed. 
Under the microscope a hemispherical membrane is seen mi 
either sale, transversely striated, giving the head a spherical 
shape. Mouth small, surrounded by three large, bluntly conical 
lips, joined at the apex, but not at the base, by lateral membranes, 
°‘so that they become obscured/’ Body smooth, attenuated at 
both ends, more so anteriorly. Tail rather blunt. Lips of vulva, 
prominent, in third quarter of body. Alimentary ca.ua,1 like that 
of Ascarids. Eggs very peculiar, greatly elongated, blunt-ended 
(oblong-elliptical), clear at one end. 

Itudolphi says (as we understand him) that on account of the 
general shape of the body and of the lips the worm belongs to 
the ifi Ascarides/’ but that the arrangement and u obscuring’ of 
the lips [sc. by the “ membrane ” referred to] ami the peculiar 
eggs mark it oil as something different. His description suggests 
that the %i three lips ” he saw were the three tooth-bearing lobes 
of one lip, seen from the side by tramspa renew, and the 1,4 mem¬ 
brane” joining them at the apex the cuticle of the outer or more 
lateral portion of the lip. 


P II VSALOI’TEU A COX’STRICT A Lei dv. ILL). 

Leiuy (1856, p. .53). 

“Body white, with the brown intestine shining through, 
cylindrical to within a short distance of the extremities, incurved ; 
anterior extremity with one or two constrictions, and abruptly 
indexed. Lips large, lateral, constricted from the body, each 
trilobate. Tail of female incurved, abruptly conical and acute ; 
of the male alated. with the a he narrow, long, and turgid. 
Length of female lj inches, breadth two-fifths of a line; nude 
half the size. 

/* Fouud frequently in the stomach of Tropidonotus sipedon , 
with the anterior extremity of the body hooked through the 
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mucous membrane, and very tig! itly adhering = y means the 
mm ur two constrictions/* 

The form thus deseriS >eil by Leidv so strongly suggrWa a 
Tan qua, both on account of several points in the brief descrip¬ 
tion and ou account of its host and habitat, that we reel obliged 
to include it in our account of the genus. It is i in possible, how¬ 
ever, without, further investigation, to assign it to v. definite 
position. 

ECKIKOCEPRALTJS * Molin, im 

Eddaocepltalus Mol in (187)8. p. 154). 

„ ,, (18(31, p. 311). _ 

C/teiraeaniJius (in part) v. Limstow, in Shiplev and II ornt.il 
' 11UU4, p. 100). 

„ | in part) v. Linstow, in Shipley and Korn ell 

(1905, p. 54). 

Mclimb original generic diagnosis was as follows :— 

<s Caput discreiam, ecldnatuni; os orlieidare , termimde , mu guv m, 
itierme, rel armatum ; corpus cyUndrlcum, inerrue, cel cel Indium ; 
vagina penis dipet ala ; [anus lateralis fj .—'Avium et plsci it :n endo- 
parasitaT 

Under this generic name two species were originally enume¬ 
rated by Molin, E. nnchmiu.s and E. cygm. The latter was 
regarded as a species inqnirenda , leaving E. nncmatus the un¬ 
disputed type*species. E. eygni belongs to the genus ilpstrkTis, 
and is. in fact, a synonym of }J. pachyeephalvs Molin. Into the 
a [unities of Hgstrichis it is beyond our present scope to enter, 
but in spite of the rather strong superficial resemblance borne by 
some of its species to some of the Gnathostomida*, we regard it as 
being of quite a different type from Ibis group. Molin's generic 
characters for Eddnoceplains seem, however, to have been based 
in part on the characters of E. cygu /, and for this reason it 
becomes necessary to emend the diagnosis, besides adding to it 
from our own observations (see p. 275). Thus the ** os orldcnlare ” 
and the statement that the genus is parasitic in birds as well as 
in fishes belong rather to Hysiriehis than to Eehinoeeplndus. 

Molin (18(5 L) rightly suggests the relationship of this genus 
to Cheimcanthus ( i. e., Gnuthostowa), Jt shows equally great 
resemblances to Tmapaa, and may, in fact, lie looked upon as a 
DmquaAike form complicated by the development of rows of 
spines or books along the cutieular ridges or fci striations N of the 
head-bulb. 

The lips are, in most eases, very similar in plan to those of 
Tanqua 7 and show a similar interlocking, arrangement of the 
internal, tooth-like, cutieular ridges. In one form, however, the 
arrangement' is complicated by the multiplication of the teeth on 

# For generic diagnosis, see p, 275. 
f Added in 1861. 
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the dorsal and ventral lobes of the lips, so that each lip boars 
some 20 teeth altogether. 

The head-bulb forms a. continuous ring surrounding the base 
of the lips; it is never, in the species hitherto met with, divided 
externally into two or four swellings, as in Titnqva, though it 
still contains the same four ballonets connected with the cervical 
sacs. The latter sometimes end in a, little button-like appendage 
(text-figs. 30, 33. a ). 

The size of the hooks on the head-bull), the number of rows, 
and the number of hooks in each row, show considerable variety, 
and a fiord useful specific characters. 

The body is smooth, as in Tanqaa, the cuticle being, as a rule, 
finely striated transversely. The nock-papilke are rather pro¬ 
minent. Molins statement (1801) that the anus is lateral is 
entirely erroneous. The excretory pore is very inconspicuous, 
and is always to be found at about the same level as the cervical 
papilla?. 

The tail of the male is coiled ventrally, and is provided with 
slight cutieular a,I ay into which a series of paired caudal papilla* 
project, Of these there are always eight pairs, as in Tanqim , but 
the arrangement of the pairs differs somewhat in the different 
species. One constant feature is the long* space separating the 
eighth or most anterior pair from the rest. Some of the papillae 
are rather large, with a swelling at the base recalling that seen 
in Tanqim, but never so well-developed. The spicules are very 
characteristic. They are tubular and usually rather long and 
slender, the left spicule being apparently always a fraction of a 
millimetre longer than the right. Instead of the broken, external, 
rasp-like markings seen on the spicules of Tan qua, we find in 
EcJtlnoeephalm an irregular transverse striation, which, only 
breaks up into a, rasp-like pattern near the tip. The markings 
appeal* to be internal, the outer surface being smooth, and trans¬ 
parent. The tip of the spicules consists of a thickening of the 
smooth outer layer only, and may be sharply pointed or somewhat 
blunt in different species. 

The tail of the female is short, and bluntly rounded at the tip. 
The vulva is invariably situated near the posterior end of the 
body, within a very short distance of the anus. The long vagina, 
runs forward, and it seems to be characteristic of the genus that 
it forms n single coil in its course before opening into the uterus. 
The bitter consists of a wide oblong egg-sac, which becomes very 
voluminous in the gravid female, and two horns which run for¬ 
ward from its anterior end. The ova have a finely granulated 
surface, and are of a similar oval shape to those of Tanqim , 
They do not contain fully-formed embryos when laid. 

The adults are found in the intestine (usually in the spiral 
valve region) of sting-rays (Trygonidse and Myliobatidte). There 
is evidence that the development is indirect, requiring an inter¬ 
mediate host in the form of one of the bivalve molluscs upon 
which the final liosts feed. The larvae of one species, at least, 
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arB found occupying cysts in the tissues nf such hi valves as the 
pearl-oyster (see p. *277), where they appear to select chiefly the 
adductor muscle of the shell as their habitat. 

Generic Diagnosis. 

E o in a ocep.ii al us * Mol in. 

(xiiathostoiiiinte: head-bulb armed with transverse rows of 
hooks ; not externally divided into swellings, but containing 
four ballonefcs internally. Body unarmed. So cuticular collar 
behind the head-bulb. Tail of male with slight ahe and eight 
pairs of papillae, the most anterior pair always separated by a 
long interval from the rest. Spicules slightly unequal (left 
longer than right), tubular, long ami slender, marked with 
transverse striations. Yulvanear posterior end of body. Vagina 
long, opening into a wide uterine sac, which gives off two branches 
anteriorly. Eggs oval, with thin shells ornamented with line 
granulations; Embryos not fully-formed at the time of laying. 

Habitat (adult): intestine (usually in spiral valve region) of 
sting-rays and other Elasmobraneh fishes. 

Genotype: E. uncinatus Molin, emend. Bavlis and Lane. 

Key to Species of Echina cephalic 
(excluding E. sir kilns Mont.). 


A. Head-bulb with not more than six rows of hooks. 12. v.a^hatus. 

B. Hoad-bull) with more than six rows of hooks. 

a. Dorsal ami ventral lubes of lips each with two 
teeth. 

a\ Head-bulb with 15 to IB rows of about 150 to 

200 hooks each ... 12. s'nithtvelli fn. *233;). 

h'. Head-bulb with 30 to 10 rows of very numerous 

hooks . 12. >ia.miss!mns (y. 277). 

1. Dorsal and ventral lobes of lips each with a 

number (eight or more) of teeth. 12. mvUhh'iUatvs (y.2S5). 


1. Ecbixocechalus uxcixatcs t Molin, 1858. (Text-tig. *24.) 

Echinocepltidus unchiatns (in part) Molin (1858, p. 154). 

,, „ (inpart) Molin (1861, p. dll; pi.xiii. 

tigs. 7, 8)._ 

Gheiracanthus uncinatus v. Lin.stow, in Shipley and Hornell 
(1904, p. 100 ; pi. iii. tigs. 41, 44, 45-48). 

Echmocephalus gracilis Stossich. in Shipley and Hornell (1906, 
P- 39). 

The original description of this, the type-species of the genus, 
appears to us to have been based on two distinct species, both of 
which we have been able to recognize among our material. The 
head-bulb is described by Molin as having about 30 rows of small 
hooks in the male, and only six rows of larger hooks in the 

* For measurements, see Table V., p, 288. 
f For specific diagnosis, see p. 277- 
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iciualc, Fhose two lornas ;iiv also cionrlv figured in his laior 
jMjH'r ). The. size. number, MI i< I a iTM llgomi'Ut 111 i i li * hooks, 

ill tHir appour l.o give good omi vonslanh Mpocibo 

charanters, and wo fool iii Ih* hosihui i« m t in concluding Mini Molin's 
ninio iutt-iiitiltiti ** corresponds (o w hah will in* doscribod in-low mm 
A’. v. Linshow, while his female is a. <!isi.itu*T form, 

Wti ai't j , therefore, fiii m n 1 with the smew-shy of deciding which of 
Moliirs two for, ids is to Jio designated m,s Mu,* type o>‘ ti. 't’lh'imtlw. 
A. good Mini appropriate spocdie nano-* already existing fur tin* 
tovin with ob or more rows of hooks, we Lave Mioughl itad\isabie 
*.'o retain it; .Mini we Ice! justiiied in selecting Morins female 
form, with b vows of hooks, as the Inn* A', combm/ns w 

Our own mai'mdal is scanty, consisting of one larval individual 
found encysted in a, PnhHt- and throe very young specimens from 
ti stin^-my, J/y/mV//m nhwhojl As none of those indhithials 



contain fully-developed sexual organs, our description must 
remain incomplete. 

The lips are not yet fully developed in any of the specimens, 
and we a,re nimble to describe their structure. The head-bulb 
(text-tig. U) is armed with (5 rows of hooks, each row containing 
between 40 and HO, Thu spines increase in size from before 


** The question of nomenclature is somewhat; further complicated hy tlu* fact that 
Shipley ami Hcruel! Appear to have submitted larval forms of Jt species of tfehino- 
ecphalm to both von Lmstow and Stossiclq and these two authorities held difl'emit 
opinions as to their identity, run binslow ascribed them to Mnlin’s sweirs 
mwimtm, while Stossich created for them n new species, t/rnrilh VVc cannot 
however;find anything in Stossielfs(iu Whiploy uml H«niell f ii»0(t}rmmrk*nwm the 
larvm to justify this step, and ns the specimens are definitely stated hv both 
authorities to have (J rows of hooks, we regard the mane ytwMioH a svmAvm of 
mwimtm, ' * J 
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backwards. The neck-papilla* were nut. seen, (burial papillae 
j*nu!<! nut be detected, nor was the position of the vulva, yet 
visible, Tin' cutieular si rial ion is extremely linn and indistinct. 

As regards the oiTiimmci 1 and life-history of tins species, it 
seems fairly clear that ir requires an intermediate host, in (lie 
shape of a bivalve, mollusc, for its transference into the alimentary 
canal of its lioal host. Molina original adult material was found 
in Vn/ffoii fai'wvo in tin. 1 Adriatic, von .Linstow (in Shipley and 
Horned, Sd(l4-) stains that if also occurs in T. pasthuwa. Tim 
larval stages are found encysted in the tissues of bivalves, usually 
in the adductor muscle of tlm shell. Tims they have been found 
fairly frequently in the pearl-oyster (see Shipley and IJoniell, 

1904, pp. 101 • 102), and we have now recorded their occurrence 
in Pi am sp. In the.* pearl-oyster the larva! arc occasionally 
found “entombed in the nacreous lining of the shell(Shipley 
and Horn ell, 1904), where their shape is said to be wonderfully 
preserved. 

In addition to the bivalves, him trigger-fishes, JJalktos -mth 
and />. skllatus^ are recorded by Kliiplev and Horn ell (11)04) as 
hosts for the later larval stages. It is not quite clear whether 
these fishes are regarded as a necessary second host of the parasite 
or not. The species of Tnpjom ire said to devour both the Batistes 
and the oysters, but tin* presence of the worms in Jkilhd.es may 
have been abnormal. In these fishes they were found not only in 
the alimentary canal, but also in the peritoneum and connective 
tissue, in which they were thought to burrow by the help) of the 
head-bull), which was seen in both inflated and deflated conditions* 


Specific Diagnosis. 

Ecu rxmemnr Anus unoixatus Moliti, emend. Bay 1 is and Lane. 

Head-bulb with six rows of hooks, each row containing from 
-id to flu 1 inoks, 

Bor list of hosts, see p, 289, 

2. EiuiixocmmiAnus srisosissnirs* (v. Linst,, 190b). (Taxi¬ 
ngs. 20-29; PI. IV, figs. IT. 18.) 

Eckinmphtdm tmcinntns (in part) Mol In (1858, p, 154), 

„ „ » » (1851, p. 311, pi. xiii, 

figs, fl, 0), 

Vh&imccmihm spin-osmiums v. Linstow, in Shipley and Hornell, 
(1905, p. 54, ph, ligs. 12,. 13). 

This sped lie name was proposed by von Linsfow for a, form 
having 30 to 33 rows of books on the head-bulb, each row 
containing some hundreds of hooks. The host of the typo- 
specimens was MifliohcUh aquila , from the Gulf of Mannar. 

# For specific diagnosis, sec p, 283. 

19 * 
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\W believe, ns Sms Iirun staled n huYc. that ihc limit 1 hum; 
desei ihed )»y IVloiin under 11 u ‘ name <d Ar/b non p/m/ aceo/e/m 
is referable l.o this species. The best, in ibis ease, was TrtjtjuH 
bmeco. Among our own material there are specimens i.r<un lie 
sting-rays, Tvytffm 'trahja and / "ntt/t/wn/*# mv/ay/vvee.v, which 
appear to belong* to the same species, 

From their size (12*7 mm. in length) von Liustnws examples 
seem to Lave been immature, ami Way details arc ghen of liner 
internal stucture. "We will therefore give a. .fuller description 
based upon our own material, chicily upon the specimens from 

The worms are rather long nod slender in genera.! appearance. 
The largest female in imv possession is not quite mature. 

The lips (text ilg’s. 2b F 26) are large, very promineni and 
massive, each consisting* of an outer portion hearing the there 
papilla,*, and internally a rounded middle, and a. dorsal and a 
ventral triangular, tooth-hearing iohe, Thrsti lobes meet those 
of t-he other lip and guard the month. The middle lobe is 
without teeth, while the other lobes are each provided with an 
internal thickening of the cuticle whieh is produced into tooth 
like ridges (text-fig. 2<S). The teeth inierlock, as in Tuvrjua* 
with those of the opposite lip. The posterior surface of the 
dorsal and ventral lobes hears a row of small tooth-like surralions 
(text-figs. 2b, 2f>, str,). 

The head-bulb (text-tigs. 2b, 20) is distinctly marked oif from 
the neck, and is visible to the naked eye as a little knob. The 
hooks (text-fig. 27) are very minute and very numerous. They 
are arranged in from 20 to 40 transverse rows, each row containing* 
a very largo number (several hundreds) of hooks. The rows are 
not always complete circles, hut sometimes break oil* suddenly, 
while dichotomous branching of the rows is not infrequent. 

The eutieular striation on the body is very line, von Linstow’s 
statement that the oesophagus is only of the body-length 
appears iinintolligible, unless it. is a .misprint for ] and men 
in this case it does not agree, very well with our osvn measure 
menfs. 

Of the eight pairs of caudal, papilla* in the male (111. I V, lig. 
17), those of the first; pair are small and lateral, the second pair 
more ventral, Pairs 2 to 6 form a group on either side of the 
anus, the 6th pair lining apparently ndnnal, The fd,h pair is 
situated somewhat more laterally than the rest. These four pairs 
are placed close together, hut a, longer space separates pairs 2 
and 2 and pairs 6 and 7. The 8th pair is separated by a, very 
long interval from the 7th, and stands quite far forward, these 
last two pairs being both pmmaL All the papilke, except, t he 
small first pair, have a somewhat swollen base, not unlike 
the structure seen in Tinupm, though less strongly developed. 
The stout spicules (PL XV. fig. 17) are very slightly unequal in 
length, the left being the longer. Each sjiicule teiinirmtiN in a 
smooth, conical point (PI. XV, fig. 18). 
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Kchmm'ephalus spitwsissimits, The head; dorsal (or ventral) 


Text-figure 2(5. 



view. 


Nchinoecphahni spurns issimus* The head; lateral view. 


0-3/77/77. 
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The vagina (text-fig. 20) im-Iu*. 1 inthe unpaired portion of t,lie 
uterus, runs forward for nearly ~> nnn. before gi\ ing off the two 


Text-figure 20. 



tilth hit ute pin tl m apiumhwhu ns. 

Posterior end ot‘IV*m«lo; lateral view, showing genital organs. 


uterine branches. We arc unfortunately unable to describe the 
ova, none having been seen in a fully-developed condition in our 
specimens. 
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Specific Diagnosis. 

KOI! IXOtiMLMlAMJS SIM N US IS,SI MLS (V. Linst.). 

Head-bulb willi 30 to 40 rows of hooks, each row containing 
several hundreds. Dorsad find ventral lobes of lips bear two 
tooth earh. 

I<\>r list of hosts, see p. 289. 


3. EciriN'ocfKPJ talks soiJTiiWELLi sp. n. (Text-figs. 30-32; 
PI. IV. fig. 19 ; PL V. tigs. 20-23.) 

'This species, which we name in honour of Mr. Southwell, to 
whose kindness we are indebted for this and much, of our other 
material, was also found in HmjytMim asperrimm. It is a form 
intermediate in several features between E. sphiosmimm and 
a- third species (A\ wnUidetUuim) to be described below, and all 
these three species were found together in the same individual 
host. 

The present species is rather shorter and considerably more 
slender than E. spwmissimas. 

The lips (PL IY. fig. 19; PL Y. fig. 20) are rather squat, 
and their dorsal and ventral lobes bear only two teeth each, a-s in 
E. spltiosmlmm. The head-bulb (text-fig. 30), however, is much 


Text-figure 31. 



NchbiMtipfialitit southwdli. Oumlul extremity of female; vunlral view. 

more like that of the next species, E, multidentaim, though 
smaller and less ilatfcened antero-posteriorly, Thor© are from. .15 
to 18 rows of hooks, which have a maximum length of 0*035 mm., 
and are thus intermediate in size Iwtwoen those of ItJ. spiaoslssi- 
mas and E. muUidentaim , The number of hooks in each row is 
a lso intermediate, there being, as nearly as can be estimated, from 
150 to 200. 

The cuticular sfcriation on the body is rather coarse. The cervical 
sacs are nearly as long as the (esophagus. In the male, the first 
pair of caudal papilla* (PL V. figs. 21, 22), near the tip of the tail, 

4 For spofiffc diagnosis, sec p, 285. 
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are (juif.e lateral; the 2nd, 5th, fith, Till, and 8th form a longi¬ 
tudinal series, while the Uni anil 41 h are a. little nearer to the 
mill-ventral line- Pairs 2 5 form a, group rather dose together, 
of whirl) 2 ami 4 are small papilla* and 4 and 5 relatively large. 
The intervals between f> and (5 and between (5 and 7 are about 
eipinl, and greater than those bet,ween the posterior pairs, while a. 
much longer interval separates 7 and 8. 

The spicules (id. Y. figs. 22, 24) are rather slender. A little 
before the tip each spicule is narrowed and then expanded some¬ 
what, before terminating in a conical point. 

In the female the tail (text-tig. 31) is very short. The vagina, 
(text-fig. 42) leads into a very wide uterine sac. 


Specific Diagnosis. 

Eciiinocepiialus southwelli Bay 1 is and Lane. 

Head-hull) with 15 to 18 rows of hooks, each row containing 
about 150 to 200. Dorsal and ventral lobes of lips hear two 
teeth each. 

For list of hosts, see p. 289. 


4. EcniNooEpJi allls multiDENTAT i 's tX: , sp, ii. (Text-figs, 33-46 : 
PL YL figs. 24-27; PI. YU, fig. 28.) 

This is the third species obtained from the sting-ray, Uro- 
(fymuit,a asperrhmts. in general naked-eye appearance it closely 
resembles E. sovthwdli, hut is rather shorter and proportionately 
stouter. The head-hull) (text-fig. 44) is very conspicuous, and 
gives the worm much the appearance of a small nail. 

The lips (PI. VI. figs. 24, 25) are well-developed, but not 
prominent. In structure they are more complex than in any of 
the other forms studied by us. The outer portion hears the usual 
three papilla*, ami the inner portion is, as usual, trilobed. The 
cuticle of the opposed inner surfaces of the dorsal and ventral 
lobes is raised into a. number (from 8 to 11. on one lobe) of tooth- 
like ridges. These teeth are not constant in number or arrange¬ 
ment, and are not always symmetrical on the two lobes of the 
same lip, as may he seen in PI. VI. fig. 25. Whether the teeth 
of the two lips can be interlocked is uncertain, though their 
appearance suggests that this is probably the case. 

f J4)e head-bulb (text-fig. 44) is very wide compared with the 
neck which follows it, and is somewhat flattened antero-posteriorIv. 
There are from 11 to 14 rows of large hooks (text-fig. 44). Each 
row may he estimated to contain some 100. 

The cervical sacs are, as in M, southwelli , of approximately the 
same length as the (.esophagus, both terminating at a point a 
little more or less than 2 nun. from the anterior extremity. 


# Fur .specific (IwguoHts, $eep. 289. 
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The oesophagus is thus wrv short us compared with that of 
A'. 'tnwinatvtt and E. tifnHonixsiw hh, The neck papilla* ore 
prominent, 

Te,vi, figure 'M\. 



EchinoccpJialus muUidentatus. Head and oesophageal vision; lateral view, (The 
triangular opening in the head-hull/ ia due to an artificial splitting of t he 
cuticle.) 

Of the eight pairs of caudal papilla 1 in the male (PI. V,L 
figs. 26, 27), the first, as usual, is lateral, while the rest are more 
ventral in position. Pairs 1 to 6 appear to be postanal, 6 to 8 
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Tt*xh-ligiu*o ‘54. 



T.clnnovvphah^ umlfirftmtafit*. Houles: a & b 9 various profile and surface views; 
e, a strip of cuticle with hooks from a macerated specimen. 


Text-figure 85. 



Kehlnueephalua mulViilvntatm. Posterior end of female; lateral view. 


preanal. Pairs 3, 7 and 8 are conspicuously larger than the 
remainder. There is a long spare between 7 and 8. Nos. 4 and 5 
arc small pa pi 1 he, one pair, which we call 4, being in a line with 
.Nos. 2 and 8, while No. 5 is displaced laterally and posteriorly so 
as to lie at the same transverse level m No, 4. The papilla? 
project into a very feebly developed ala on either side. The 





























THU NISMATOUK FAMILY G1BATILOSTOM1 i).!?!, 


289 


spiculos nro rail tor slomlor. Thdr tips (PI. V.II. Jig. 28) are 
smooth ji-ii*l rail tor blunt. 

Tho vagina (text-figs. 25, 29) passes into a. voluminous uterine* 
sac. 


Specific Diagnosis. 

EosnxousmuAi/us multldotatus Baylis ami Lane. 

i lead-1 ml b with 11 to 12 rows of large Looks, endt row eon tam¬ 
ing about 100. Dorsal and ventral lobes of lips bear 8 or more 
tooth each. 


Taolu YL—Hosts and Distribution of the 8 pedes of fcchuwtvphalus* 


Species. 

Host, 

Locality. 

IlecordiT. 

JC, inic hut fits (adult) 

Tri/fftm brnoeo. 

Adriatic. 

Hid in (1858), 

» 

Tr//(fon past i )M i .‘({, 

[?] 

v. Linstow, in Shipley 
& Hovmdl (BR)4).‘ 

(immature) 

Myliobatis aIcithqfl, 

Ceylon'. 

Baylis & Lane 
(present paper). 


Jia(isles in!fid. 

» 

Shipley Hurncdl 
(UHL). 

» 

J3a lides .s fella fm. 

51 

i, 

(larva) 

Of l< t) \(ft! r if ifera ma rrja - 
vififera. lil/'. enlt/aris.] 


V 


2* hum wp, 


Baylis & Lane 
(present paper). 

7tf. Siit nasittsi mm . 

22if Unhid h aijitiht , 

; Ceylon. i 

v. Linstow, in Shipley 1 
& IIcruel 1 (BIU5). , 


! Trjftfnn bnioeo. 

| Adriatic. 

Mol in (1858) 

[recorded ns 

70, mu'hiatus":. 

| 

Trifijon u'ttltfii. 

! Ceylon, 

Baylis &, Lane 
(present paper). 

| 

1 IfI'oifffm mis asperrim ns. 


„ 

! /•’. soi’ijiivt'in . 

1 

! 1 h'otfifmn its asjifin’imus. 

Ceylon. 

. J. _"_ 

70. inliftitivufrtf.tia ... 

V fuff if mints <tsperrimus. 

Ceylon. 


/0, s frit (fits .. 

Hcjilliinn sp. 

Peru. 

j ,n I IJ 1 - . 

Montieelli (1W). 

„ 0). 

A HI ohnti nai * inai’i . 

Loyalty Is. 

Shipley (1000). 


5. EoumoCEPiiALus smiATUS Montieelli, 1889, 

Montieelli (1889, p. 71). 

% Shipley (1900,.p. 560; text-fig. E). - 

The name /L strurius was given by Montieelli to some specimens 
from the stomach of' SeyUmm sp., from Payta, Pern. Sub¬ 
sequently Shipley doubtfully referred to the same, species some 








Text-ii'. i ;mv :U% 



XCchinocejiJmlm muHidentatn*. Posterior mi of framlo; ventral view* 
showing genital orgmiK. 
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worms from the intestine of a four-spined sting ray, Aetobatls 
uarhtari , from Loyally Islands. Tim name A\ striatus, however, 
si♦cms to he a. uowcu nta/tnu, and wo have no means of identify¬ 
ing the species, though we mention it here for the sake of coin- 
plefeness, Shipley (/. c.) givos a, figure of the head of the form 
referred to by him, and in this figure some 14 rows of hooks are 
indicated, so that his speeies wamhl seem to approach closely to 
our F, sotUhtrelli. a,ml is possibly identical with it. 

GNAT I I.OSTOM A * Owen, 1835. 

(huathostoma Owen (LHG(», p. 12f>). 

Chair acanthus Diesing (1838, ]). 189). 

,, Diesing (1889, p. 221) [not (■heimmnlhus Diesing 
of v. Linstow, in Shipley and Horn ell (1904, p, 100) nor 
(11)05, p. 54)]. 

Fit aria (in part) Schneider (1806, p. 98). 

(Fidranthus v. Linstow (1893, p. 202) [misprint]. 
(hmthosiomnm Mitter (15)12, p. 150). 

'Dm members of tin’s genus are stout worms with the characters 
of the subfamily. The head-bulb is, according to the state of 
contraction of the contained muscles, globular or somewhat 
flattened antoro-posteriorly, and bears in the known species from 
eight to twelve transverse rows of simple hooks, like those of 
Fchlaocephalus, set on a, cuticle which shows no external trace of 
the four underlying ballonets. Home of the anterior and posterior 
rows may he obscured, the first by the inrolling of the anterior 
part of the head-bulb, as the result of contraction of the internal 
muscles, the second by the partial retraction of the head-bulb 
into the neck a,ml the resulting interposition of the densely set 
scale-like spines which rover this part of the body. These are set 
more or less alternately in transverse rows and have their free 
edges indented to varying degrees, so that they conic to possess 
sharp points of varying shape and number. Towards the middle 
of the body the spines become simple and either continue as such 
to the posterior end or progressively diminish in size mid finally 
■disappear, leaving the posterior part of the body naked. Tim 
excretory pore has not been detected, a. failure easily understood 
when one considers the dense covering of spines and the minute¬ 
ness of the pore in other genera of the subfamily. 

The male lias lateral caudal aim each sustained by four large 
papilla 1 and by the tip of the tail, which lias the general appearance 
of, and has sometimes been counted as, an unpaired terminal 
papilla. (Schneider, 1855, p. 85 and text-fig.; v. Linstow, 1893, 
p. 205, tig. 11). Between the alas are two pairs of small, sessile, 
ventral papilla*. The male has two unequal spicules and no 
accessary piece, although v. Linstow (1898, p. 205, fig. 13) has 
described, lying midrulhj to the spicules, a body winch, he seems 
to regard as such, calling it a ££ SfciitzapparatA 

# Ifcr .generic diagnosis, see %h 202. 

'■■Proc. ZooloSoc^1920,/No. XX 
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2U2 Mi;, jj, A. I5AV Li.S AND l.T.-COj** M-A'TiA UA> 1*5 <*\ 

The female 1ms n, blunt ta.il: 11’ \u!\a probably always lies 
behind 1.1 to middle of Mu* body; the \aginu Is Ion:;; nv»* two 

uteri; the eggs have a thin colourless shell. 11*i’ii*k ;h 1 by a mmy 
line externa! stippling, and have 1 tun* polo fin appearance 
US of it svnteh-glass-shaped cap due lo a thinning of the shell 
combined with a. recession ol the sholbmemhraue, and providing 
a means of exit- for the ombrvo. It' bos, however, some!boos 
been described as a. polor thickening of the shot! {Schneider, 

1 H(H>, p. bK; v. Linstmv, lSU;t, p. tBlf). 

The genus Table \ 11.1p. 40 l» bus a wide nisi ribut ion 

in a number of carnivorous hosts, its normal habitat is clearly 
the wall of tlm stomach. Tin* genotype a.rguires an added 
interest in that it has been found in man (in. the subcutaneous 
tissue). The presence of certain species in the lumen o! the gut 
we attribute to their having been parasitic in sour* ho,si whieh 
was devoured 1 >y the animals from whieh they were actually 
recorded. llegarding one record of a (tiHtlhotsloiHti Irum the 
colon judgment must; he suspended (m/r p, oOn), 

Generic Diagnosis. 

UNATiiOS'rOMA* Owen. 

(hiathostomiuiu: head-hull) armed with simple hooks, the 
hallo nets giving no external evidence of their presence; body 
armed with euticular spines, anteriorly .scale*like with the free 
edges incised into points varying in number and shape, more 
posteriorly becoming less subdivided and linally appearing as 
simple spines, which either continue as such to the posterior end 
or disappear, leaving the hinder part of the body unarmed ; the 
male with unrMpml spicules and four pairs of largo lateral am! 
two pairs of small ventral caudal papilla*; vulva behind the middle 
of the body ; vagina, long; uteri two in number; ovum with (bin 
colourless shell, a marked thinning at one pole, causing a weak 
spot through which the embryo escapes. 

Habitat; Normally the gastric, wall, usually of carnivorous 
mammals. 

Genotype: 6b ^pirdgiTHtn Owen, lHB(b 

Notts.—*-T he name Gnutfwstomu has been placed on Hteojltctal 
list of generic names by the Jniemotional (Wmnissiou on 
Zoological Nomenclature +. 

Key to Species of ihmthodoma, 

A. Body completely clothed with spines . Q. kUytthm (p, 2t)8V 

B. Boilies clothe only the anterior half or two-thirds of 

the body, 

a. The spines immediately behind the hend-bulb comh- 

like, having four points of about equal length. (},xpin'tytmu (p.21*3). 


# For measurements, see Table VII,, p, 302 . 
f Opinion 06 (Smithsonian Institution, Washington), 







TilM NKftIATOIH-1 FAMILY (aNVATUoSToMI La F. 


243 


(>, Tih- sjuii-s inuni‘i»iiiL‘lv !»»*himl tlu> mil» Senf- 

iiSif. Isvo jumhU, on** :\i tIn* tip :nnl two 

niuu,: (utliiM* sitUi . a. //jw//*- i p. ;>oo), 

(/. /iuft'hi pml (jt, lurt/ifhntt- are too msufiieioutly described 
io bo <*;tjn*I*h* of inclusion in a key. 

1. Onathostoma si’LVKiKuuM * Owen, 1 s;up (Toxt-ligs. 87-40; 
PI. YU, tigs. 24-52; PI. VIII. tigs. 38 vlH). 

(hiathoxtoma sjdniffentw Owen ( 1884. p. 1251. 

Ohv/nuwt'iUhiu s* rohttslti.s Diesing ( LH.iH. p, I Hi)) [ttoinvjf muhnu j. 
(IhrirtUMHilma rohudtu s* .Diesing (1884, p. 222; pi, xiv. 

figs, 17, pi, xvi, figs. 1 24). 

(*l'wu'ttctutfkns socialis JLnidy (185*4, p. 25). 

Filar in rad ala Schneider (1.804, p. 48; pi. vi. figs. 4 a, 45). 
(Vwiracuuiihm siamnimte Levinson {1884, p. 525; pi, vii. 
tigs. 4-14). 

(hialhiMania- paroitai Porta (1408, p. 8 ). 

(hialhosUm am spinitjmuii Mitter (1412, p. 150; pi. v.), 

Hie contradictory and incomplete character of existing 
cl (ascriptions of this nematode, and the consequent unnecessary 
'multiplication of species, fully justify its ^description. 


Text-figure 87. 



, , „ . , %\Jhb. 

tY\ ■ ** , /y ( A A {- A V i. ^ a'- 4 ' *2\ 

ws«»30 ~ 

}■■ ■ ' 




0-3 mm. 


ihmflwsfomn uphtif/vnim. Anterior tool; dorsal (or ral) view (isurfocc), 


The specimens now described are from Fdk pardm and wore 
received in part from the Veterinary College, Bolgnchia, Calcutta, 
where they were collected by the late Mr. 8. N. Mitter, and in 
part from the Patel Laboratory, Bombay. In each ease the 
worms had produced fatal perforation of the gastric wall. 

In this species the cuticle lining the inner aspect of each lobe 
of either lip is longitudinally thickened into a ridge which meets 
its fellow of the opposite side. In our specimens the head-Ion lb 

■ For specific diagnosis, see p, 2f)8. ' 

' ' / , , ■ 20* 
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(text-figs. :;7, :iS; PI. VII. hp hP IT!4^. from S hi \\ row> of 
hooks (text dig. hb. Tin- onmh hh* ,-pmr:, itiMimdi;d<*K bthiud 
iJto hand (t.oxSi lig. bhoiruiTV on thrir m i*;»*1 *H 4;* f ohms b»ur 
short points. Those rapidly give plmv to ihn*t» pointed .-pim^ 
(textrlig. 40, A), the middle point. of uhhh is typimdly 1 he longest. 
Spin os of this type extend poM eriorlx to bi*\oud the f ''rmin.dion 


Text figure ;ts. 




... //;. 

VI. L 


\ ),-v 
«. ’ ,: \ 
’} '-O' * * ’ 1 ‘ 


* ’ , ' , ; \ r ',\ 
ft;. ' I * « 1 V ' '.O' 

/ o* > M i' , V V V V 

fnl o 1 . . , v \ v ; ,V v ‘ 

‘Sr * ‘ Aj. \*« A " I % ‘ * *. * i t g 


0-3 rw. 


(hfoithotifoiMt uphitfji'rithi, Antrnor tMiti; liitml ioufiioO, 

Text-figure 'Mh 




Onathostoma si >in if/ttmm , Hooks from i ho heud-butb: «, Hurfmvj l>, profile view. 

of the oesophagus. There follow progressively two-pototal and 
single-pointed spines (text-fig. 40, c t d) t which in turn diminish 
in size so that at 8 mm. from the head-end they form mere 
points protruding beyond the transverse striatums of the cuticle. 
These soon disappear, leaving the posterior part of the body 
naked, except' for the spines to be described below on the tail of 
the male. 
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The diameter of the oesophagus immediately behind 1.1 1 e head 
is 0*125 nun.; it;s widest diameter is ()*(> nun. and lies at, .about. 
0*0 min. from its termination. 

The cervical papilhe (PL Vil. figs. 50, MI) are coarse, rounded 
knobs witli their terminations directed posteriorly, each lying in 
a, small bald area, among the spines. 

In the male the four large caudal papilla on each side (PL VIL 
tig. M2; PL "ViII. %. MM) lie close together in. the caudal a,la. 
"No. 1 is the smallest, the others being all of about the same size 
but varying in relative proportions according to the aspect from 

Text-figure 40. 



the Uoubbulb; />, from tin* u*st>|ihaf»eal region; <\ from behind the 
mxnjiliHguM (.about. 4 lmii, from the untmor end); < 1 , from about, tins middle 
of tho body. 

which they arc viewed. Their nerves are particularly large and 
obvious. Near the bases of Nos. 1 and 2 of these papillae He the 
two pairs of small ventral papilhe. The cloaca! opening lies in 
front of these. 

On the greater part of the posterior 0*8 mm. of the ■'ventral 
surface of the caudal extremity the cutfcular stria?, are,..closely set 
with small spines (PL VIL fig. 32PL VIII. %, S3), the'general 
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direction of \vhn>e points is away from the closed opening. 
There exists, however, a. bald Y-shaped area, whoso narrow stem 
reaches from the tip of the tail to the anus and whose broad 
aims stretch thence laterally and anteriorly as far as the most 
anterior of the lateral pupilhe. 

Tine short right spicule (PL Till, fig of) is wide at the base 
and narrows somewhat abruptly about its middle, continuing 
narrow thence to its rounded point. The long left spicule has 
the same general shape as the right except that the shaft narrows 
at it,boot the junction of the anterior and middle thirds, and that 
the middle third lacs at least the appearance of being the narrowest 
part. When the large spicule is extruded it is seen that it is 
liollow-looking, faintly striated, with a fine colourless outer layer 
which thickens to form the extreme point of a slight terminal 
expansion (PI. TUI. iig. 35). 

In the female, the vulva, shaped as a, slight trail verse slit, opens 
into a vagina with a, general anterior direction. In the specimen 
examined its first 2 mm. was strongly muscular and narrow, the 
beginning being markedly tortuous; the next 0*5 mm. was dilated 
and, full of eggs; then followed a narrow muscular loop running 
posteriorly and dorsallv nearly to the level of the vulva, and 
returning on itself to enter another short dilatation close to the 
first one; thence it ran forward as a narrow muscular tube taking 
a nearly straight course to the posterior end of the (esophagus. 
Immediately after turning posteriorly at this point it was found 
broken and the continuation could not be discovered. The course 
traced measured 11*5 mm. Owen’s (1830, p. 126) account of his 
dissection gives it a course of over 25 mm. before dividing into 
the two uteri. The tail of the female is, in a lateral view 
(PL Till. iig. 37V, rounded dor,sally and flattened ventrally, 
while in a ventral view (PI, Till. tig. 36) its end is bluntly 
rounded and carries close to the tip a, pair of unusually massive 
caudal papillae it is clear that a collapse of the cuticle about 
these papilla* might readily produce the u three-lohed ,? appearance 
which Levinson (1889) figures ( vide infra* p. 297). 

The ovum lias a, thin colourless shell with a, very fine granu¬ 
lation on its outer surface and the usual polar cap. In the 
female examined the ova. contained fully-formed embryos, same 
of which were found in the act of escaping through the thinned 
pole (PI. Till. fig. 38). 

The justification for the correctness of the list of synonyms 
given above is to be sought in the following lines and in 
Table Til., page 302. 

The original description of Gnathostoma spin i<jer mu (Owen, 
1836) based on specimens remover! from tumours in the stomach- 
tfttll g? n young tiger which died in the London Zoological 
Gaivtrus, corresponds, so far as details are given, with that just 
written above, except that he described the armature of the head- 
bulb as similar, to that of the body and noted only one spicule and 
four pairs of^papillas, apparently three of the large lateral ones 
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and the sessile pair behind the cloaca! opening. He found also 
Kinn.ll worms, possibly young individuals of the same species, 
5 lines long L 

.Diesing (1839, p. 22'2) in describing Cheira can thus rohasias 
noted its closeness to C nathostouui spiuhjorum, •but, accepting ns 
correct 0wen’s description of the head and spicule, he, with 
diffidence, separated the two forms. It is probably not doubted 
at the present time that. Owen and Diesing were working on the 
same species. In his subsequent, description of Diesing’s material, 
v. Dmsehe (1883, p. 128) described four pairs of large and three 
p:iii\s of sessi 1 e papilia*. 

Under the name of Cheiraeanlhas siaiiieusts Levinson (1889) 
described a, single poorly preserved immature female nematode 
which had been removed from an abscess in the breast of a young 
native woman in Sia.ni. He was able to deal with external 
diameters only. The distribution and shape of the spines on the 
bead and body were identical with those of Onathostoma sptm- 
geruni. In ids Latin synopsis i L c, p. 325 ) he uses the expression 
4£ Corpus in partem caudalem trilohatum chsinet His figure of 
the ventral aspect of the tail shows, however, that what actually 
existed was merely a slight compression of the lateral outline of 
the tail posteriorly to the anus, a condition which does not 
correspond to the idea, conveyed by the term * 4 three-dobed.** 

Lciper (1909, p. 70) has described a. male of Gnaihmtoma 
siamense which, as the context indicates," came from a sub¬ 
cutaneous swelling in a native of .Siam. The lips were large and 
fleshy, measuring ** 1 *5 by 0*5 mm.” [?0*15 by 0*05 rum.] and 
each bearing two pa [dike with a median protrusion between them. 
The cephalic hooks measured 0*015 by 0*005 mm. Spines covert d 
the anterior four-fifths of the body, the most anterior having 
three d imitations, the most- posterior one only. The ejaculatory 
duct was 1 *5 nun. long. Later Leiper (1911, p. 18; 1913, p. 281), 
after re-examining I hesing’s original examples of Chair acanthus 
robnstas (which, however, lie speaks of as having come from the 
leopard), reaches the conclusion that the male form obtained from 
man corresponds exactly with the male of Chelm can thus robmtus , 
which, he remarks, 4 * is accepted ly the same as Onathostoma sphcG 
geraniC In no respect, indeed, do the forms from the sub¬ 
cutaneous tissue of man diiler, except in the matter of maturity, 
from those from the stomach, of Felidae, but must he considered 
merely as individuals which have strayed into an unnatural 
habitat in an unnatural host (cf. Leiper, 1909, p. 80). 

(JImrmanihus social is Leidy (1859, p. 53) was found in cavities 
in the thickened stomach-wall of the mink (Mustela vision). There 
is in its size, in the character of its lips,.head and hooks, in the 
shape and distribution of the spines on the body, in the internal 
organs, so far as described, and in the genital papilla?, nothing to 

# Owen did not describe the males as 5 mm. long: and the females as jbwipe that 
length, nor the tail of the female as trilobed {vide Stephens, in Tautham, Stephens 
and Theobald (1916, p, 385);. y' T 
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distinguish it from Gnathostoma spimgerum. It does not seem 
reasonable to consider the name otherwise than as a synonym* 
pending re-examination of the original material. 

Gnathostoma paronal Porta (11)08, p. 8) is a, name based on a 
single badly preserved female so opaque that no internal structure 
was made out. Its meagre description is in every way applicable 
to Gnathostoma spinlgerum . It was found free in the intestine of 
Batins [J/hs] rajah. Its unusual habitat and poor condition 
suggest that it was in reality a moribund parasite of some animal 
eaten by the rat. 

Schneider (1866, p 98) described from the gastric wall of 
Paracloxurus phllippiuensis a. parasite, Filar la rachda , with the 
general external appearance of Gnathostoma spinlgermn . He also 
notes particularly that the egg-shell was finely stippled and 
thickened at one pole, but detected only three pairs of caudal 
papillae in the male. He refused to identify liis specimens 
with Gnathostoma spinlgerum , partly on account of their different 
geographical distribution and partly because the tail-papillae, 
as lie believed them to be situated, had an arrangement which 
lie associated with the genus Filaria. These reasons for separating 
if from G. spinlgerum cannot be accepted as cogent, nor are there 
any cogent ones to be found in the description. 

Specific Diagnosis. 

Gnathostoma stixioerum Owen, 1836. 

Gnathostoma : eight to eleven rows of hooks on the head-bulb; 
posteriorly-directed spines cover the anterior half or two-thirds 
of the body, the anterior being comb-like, with four subequal 
points, while the three-pointed spines have typically the middle 
point the longest; in the male, small spines with the points directed 
away from the cloaca! opening cover most of the ventral aspect of 
the posterior 0*8 mm. of the body; right spicule three or four 
times as long as the left: tail of the female, in ventral view, 
uniformly rounded, with very massive papilla?. 

For list of hosts, see p. 304. 

2. Gnathostoma hispidum * Fedehenko, 1872. 

Gnathostoma hispidum Fedehenko (1872, p. 106; pi, xv.). 

Cheiracanihus hispidus v, Lin stow (1893, p. 201 ; pi, vii„ 
figs. 1-16). 

Che Ira n ih it s h isp ulus v. Linstow (1893, p. 202) [misprint]. 

The description which follows is based partly on a translation 
which we have privately obtained of the essential parts of 
Fetich enko’s Russian paper f, in which he describes material from, 

* For specific diagnosis, see p. 300. 

f The principal contents of the paper are rendered more accessible through its 
Latin summary, and through an abstract of it in German by Leuokart (1873). 
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the wild pig of Turkestan and the domestic pig of Hungary, and 
partly on descriptions of material from Hungarian pigs by 
Csokor (1882), v, Katz (1900), and v. Li ns tow (1893), and from 
Itouinanian pigs by Ciurea (1911). A paper by Striise (1892 ). 
and one by Collin (1893) in which he claimed to have found this 
species in the ox in Berlin, we have been unable to consult. The 
hist is of minor importance in that Collin later authorised 
Wolfflmgel (1912) to withdraw this statement, since, in the cir¬ 
cumstances under which the material was received, he could not 
exclude the pig as the possible host. In these descriptions 
variations from the subfamily and generic characters detailed 
above {vide pp. 254, 291) have, us we believe incorrectly, been 
described by v. Linstow and Ciurea. 

The anterior body-spines (vide Table VII., p. 302) have sub¬ 
equal points, which accordingly, as in Gnathostoma sphvigervm. T 
terminate at about the same level. More posteriorly the median 
point tends to become the longest (Fedchenko), the others 
gradually disappearing, so that at about the posterior end of the 
oesophagus the spines are simple but long. They extend as such 
over the rest of the body except, judging by v. Lin stow‘s figures, 
the large caudal papillae of the male. Of these there are four pairs. 
No. 1 being the smallest and separated by an interval from the 
other three, which lie close together and are of about, the same 
size (Ciurea). Of sessile pa pi Ike Fedchenko figures a pair between 
the bases of Nos. 1 and 2 of the larger ones; v. Linstow omibs 
these but describes a similar pair close to one another and anterior 
to the cloacal opening, while Ciurea, in addition to the two pairs 
which we have described as generic characters, finds three more 
pairs, two in front of and one behind the cloacal opening. By all: 
these authors the termination of the tail is counted and described 
as ail unpaired median papilla. 

Tlie vulva lies in the middle of the body (Fedchenko) or some¬ 
what behind (v. Linstow) or in front of (Csokor, Ciurea) this 
point. Csokor's description of the oesophagus suggests that the 
anterior part of his specimens was much contracted, which may 
explain the anterior position of the vulva, in them. Wo have 
disregarded these statements in the description of the family. 
Ciurea, and v. Linstow agree in describing the egg as having a 
hyaline appendage or wart-shaped structure at one pole; the 
former describes the outer surface of the shell as showing'small 
dimples, the latter finds it smooth. It is stated by v. Linstow 
that in his specimens embryonic development had begun, and 
that at the vulva there were a number of many-nucleated cells, 
which have, however, in his figure an appearance very suggestive 
of ova. 

Except for Collin’s statement, later withdrawn, the described 
habitat (Table Till., p, 304) has always been the stomach-wall 
of the pig, penetration into which may be partial or complete, 
the worms in the latter case (Fedchenko) lying between the 
gastric tunics. 
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Specific Diagnosis. 

UXAT-iOSTOMA msi'IOi'M UeiIcheilko. 1872. 

tlodo,t>a: uino u> eleven rmvs of looks on the head-bulb ; 
posteriorly directed spines cover the whole ot* the body, the 
anterior being comb-like, with seven points, end shorter than 
the more posterior. The left spicpie is twice as long as the right. 

For list of hosts, see p. 204. 

3. Gnatuostoma itokijjdi'm ( Leidy. I8dt‘b 

K'ifeiraeittillcus horrid ns Leidy (I8hfi, p. fd !, 

Under the name of Chcin/.caul Juts frorrhias Loidy described 
from, the stomach, presumably from the stomach lumen, of 
Alllgutur uiississippknsls four females, 2J inches long ami a, line 
and a half thick, with the body ^cylindrical. incurved, posteriorly 
subednvute. obtuse; anteriorly covered with palmate plates 
furnished with as many as eight spines and degenerating 
posteriorly to simple spines.” it is uncertain whether this last 
expression implies that the spines reached the posterior end of 
the worm. 

The want of mention of any burrowing and the fact that the 
host was a, reptile and predatory are in favour of the belief that 
these worms were really parasites of some host devoured by the 
alligator; while, with the possible exception of size, there is no 
characteristic hv which this worm can he distinguished from 
GtintkmtohMi hh'pkhi.m . Regarding this last point it is probably 
not disputable that a dead or dying worm commonly increases 
in size as its muscles relax and decomposition begins. 

(V uathostoma hispid-mu and (1. l/orrldum are not, however, here 
described as synonyms, partly because no certain conclusion is 
possible from the evidence, and partly because to do so would 
necessitate the substitution of a name based only on females very 
imperfectly described for one based on specimens which have 
been investigated with considerable thoroughness. No specific 
diagnosis of (f. horridmn is attempted. 

4. GXATUOSTOMA gkacile (Diesing, 1838 ). 

0heir acanthus gracilis Diesing (1838, p. 189), -no-men nudum. 

., „ ' Diesing (1839. p. 22o; pb xiv. figs. 8—11; 

pi. xvii, tigs. 1-20). 

„ „ v. Drasche (1882, p. ] 26; pi, ix, figs. 1-2). 

[Not EchhiocepJialas gracilis 81ossieh (in Shipley and Horned, 
1906, p. 89).] ' ; 

Apart from its length (vide Table VTI. p. 302) this nematode 
lias the following specific characters. The spines on the anterior 
part of the body, a,re leaf-like, with a maximum of five points, 
one at the tip and the others along the lateral edges, two,on 
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each border. Each cervical sac displays a, constriction near its 
posterior end, a condition, however, which v. Dmselie (1882. 
p. 120) looks upon as a temporary local contraction: the spicules 
are stouter than in Cheiracanthas robust ns”; the four large 
lateral caudal papilla* of the male are so arranged that there is 
a considerable interval between Nos. 1 and 2; the egg is figured 
as being without a polar cap, and the habitat was the intestinal 
canal of a fish which reaches a length of 15 feet and is presumably 
carnivorous. 

The great length and unusual habitat suggest, as in the ease of 
Gnaihostoma horrhlmn , that the real host was some mammal which 
was devoured by the ;4 Pirarucu. 5 ' 

Specific Diagnosis. 

Gxatiiostoma gractle (Dies., 1838). 

Gnaihostoma : anterior body-spines leaf-like, with five points, 
one at the tip and two along each edge, 

5. Gxatjiostoma turoidoe Stossich, 1902. 

Gnathostoma iarglda Stossich (1902, p. 13). 

This species is based on a short description of the external 
characters of two poorly preserved females. Stossich is convinced 
that it is distinct from Gnathostoma splnlgenun, basing his con¬ 
viction on the statement that the diseoidal head-bulb has from 
10 to 12 rows of spines, the body is cylindrical and tapers in 
both directions, and its spines are of varying shape. There is no 
farther information beyond the details tube found in Table TIL, 
p. 392, and TableYIII., p. 304. The name is likely to he a source 
of future confusion. Since there is nothing specifically distinctive 
in the description no specific diagnosis is possible. 

Species wliicli have been attributed to the Genus Gnaihostoma. 

G XATIIGSTOMA S H1PLEYI Stossich, 1900. 

Gnaihostoma shtplegi Stossich, in Shipley (1900, p, 500, fig. G). 

lilctidaria paradoxa v. Linstow (1903, p. 272 ; pi. xviii. tig, 5). 

Acuarla pdagica Seurat (1910, p. 785, figs. 1-5), 

Gear at la shlpley i Skrjahin (1916, p. 971), 

Seurat’s careful description of the female of this species dis¬ 
closes neither cervical sacs nor ball one ts. The absence of these 
and of trilobed lips excludes the worm from the Gnathostoniidau 

Gxatiiostoma pelecaxi (Cliatin, 1874), 

Sdcrostoma pelacam Cliatin (1874, p. 6 ; pi. viii. fig. 12; pi. he. 
figs-1,2). 

Gnaihostoma pelecani Skrjabin (1916, p. 972). 
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Table VII. — Measurements of 
(All measurements 


G-. spinigenm. 


Described by .| 

Owen. 

, Diesiug, 
Dujardin, 
v. Dnisdie. 

Schneider. 

Leitly. 

Levinsem ! 

Under the name of | 

tinathosttma 

spiuigerum. 

Cheiraoanthm 
, robust us. 

Filar la 
radula. 

Gnathostma 

sociale. 

C ■heir, i 
siamensis. | 

| 


$. ! ?. 



<?. j ?. 

?. ! 

Length . 

18 j 25 

10 to 12 

: 10 to 12 

25 i 31 

0 | 

Thickness (maximum) . 1 

2 

2-5 

2 

1 1*15 

i i 

Leneth of head . 

1 Leiurth of head-bulb.. 



! 


i 

i 

. Transverse diameter of head-bulb; 




... 

Length of hallonets . 


i 

1 

i 

... 


Distance from head-end to ter- \ •, 
niinatwm of cervical sacs ...) 
Length of neck of cervical sacs ,! 


, Breadth of lips 


Number of rows of books on 

head-bulb.: g 0 r7 

Length of hooks on head-bulb...! 

Breadth ofhooks on head-bulb..: 

Distance between rows of hooks' 

on head-hull) ... 

Distance between rows of body. 1 

spines .i 

Portion of body coveml by) anterior 

spines .ji J two-thirds. 

Maximum number of points on' 

body-spines.! ■ 3 

Distance from head-end to cervi-i 

cal papillm .■,.: 

Distance from head-end to nerve-: 
ring . 

Distance from head-end to ter-j ; 
ruination of'esophagus.j; 

Length of tail.; 


6 or 7 


4 


3 



3 


l 


Length of spicules...! 

I Distance from tip of tail to ) ! 
i vulva...); 

! Ova (maximum measurements), j 
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the Species of GnatJmtoma. 
in millimetres.) 






Or. Jiisphlmih * r '. 7 i , (j \ '• ’f; 

1 ; gmcile. j hornthc>n ,, fiwfahim. 

Lt*i per. 

Baylis 

Sb Lane. 

v. Linstovv. 

Csolior. ! Ciurea. "v^Lnscli ! ^ e ^> v * Siossieh. 

Chh\ 

Gnath 

out OlIM 


, ; ! • 

mtmeoais. 

sjsiitigeruM. 



(J. 


2. 

<?■ I ?• 

t. ' ?* 1 <*. ?.! I i 

10*55 ^ 

m 

to 1075 

IS to 
18*3 

. 15 to j 22 to 
18 : 25 

! 86 i « j«k tT* » ; * ; 8 j 


T9 

3/2 | 

1*18 to j 1*78 to 


0*6 

1*38 i 1*85 

, 2 ; 2*o ... : 2*5 | 2 | 3 j j 

... 

0*4 

0*32 


0*37 ; 0*37 


023 

f 

... j 
0*525 J 

0*42 

1 ! I* ! : 

< : i ■ - 


0*55 • 

to ! 

0*75 

! 

i i 


l 

0*6 i 


! ! 


0*25 ! 


■ ■■ ! ■ : 

1 

w l 

mo : 
2*0 ! 

0*88 

; 0*7 / 1 : 


( 0*19 

U Q 


' I if 

“ To 1 ’ 

] to 

0*2 , 


1 ' f ! 


(0*25 




S ! 

Stoll 

! 8 to 11 

12 ; ... ... 1 ... , 10 to 12 1 

0*015 : 

0*025 


0*020 

0*018 : : , ! 

U’UOo 

U'Ul 



o*oo7 i : i 

! i 


0*017 

' 0*22 


anterior 

half. 

anterior 

two-think 

whole. 

! , ' 1 atitenor 

1 . , half. 


4 


7 

7 0 5 8 | 


0*7 to 0*75 


, 


0*5 


1 r <* 1 

f 

315 

; n 

|! 1; 5*5 

1 , ; | 

) 

-V 

to 

1 to 

of 

3*43 | 5*5 : i 

( 

3*5 

4 

total length. 

! 


0*22 

.. 0*15 


0*312, i. : ■ j 

B. L. 

K. 

1 L. 

! 11* { L- 

Longer. Short'r.i i 

ri tM 

2*3 to 
2*03 

0*46 

j 0*8 

i 0*4 ' 0-88 

: 1*29 i 0*32 : , 

- 


1 

Somewhat 
hehiml middle. 

Junction of : T „. 1 * | ' 

anterior ami ■ t ■?ii ; 

lniiUlle thirds. ohu,<Wli! - ; 1 , i 


0*08 X 0*035 

0*072X 0*039 

0*0741x00113 i : 
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Imimmire ionus, 3 mm. long, without seximl orgnns, were found 
by Olmtin encysted in the subcutaneous tissue, and immature 
females, not less than 4 rum. long, encysted in the subseapular 
air-sae, of a ]^elicali (Prfpemws onotvolalns). Tlie rounded head 
showed four transverse rows of hooks. There were six tubes of 
unequal length, in the position of the cervical sacs. No mention 
is made of any spines on the body. These features necessitate 
the provisional inclusion of the species in the Onatliostomidaq 
but, if the details are correct, exclude it from any of the genera, 
that we have described. 


Table TUI. 


Habitat, Hosts and Distribution of the Species of Gnathostoma. 


Parasite. 

Hal a tat. 

Host. 1 Locality. 

Recorder. ; 

i 

’ tr. spinigeram... 

Gastric wall. 

Friis fifjris. i f?j 

Fed is syf rest rim. ! jjrj 

[ F. catnsfer.} j 

P. athfa. : India. 

F. pardus. 

5) ;i 

P. ami color, \ brazil. 

31 it stria vison . ; X. America. 

PctPttdoA'itpttsjjJiilip- 1 Philippines. 

jdneMiA. 

Ctntis familiar is, rlml 

,, India. 

Owen (1830). 

Diesing (1830). 

Hitter (1010). ! 

Hitter (it) 12). 

Ba.ylis & Lane 
■ (present paper). ' 
Diesing (1830)/ 
Leidy (1850). 
Schneider (1800). | 

Cobbold (1870), | 

Hitter (1012).' | 


Subcutaneous 

tissue. 

” .. 

Homo sapiens. 'Siam. 

Lev in sen (1800); 

Lei per (10()0). j 


Intestine. 

Fa this rajah. Island of'Menta- 

I \uh 

i ; 

Porta (1000). 

(if, hitiphhtM . 

Gastric wall. 

! tins sri'ofa fariis. Turkestan. 

! S assnvjttdouu'aticm. Hungavv. 

! ” 

1 ■) H 1 || 

M » | r? 

Fed client a (1872). 

v. Linstow (1803), , 
Gzoknr (1882). 
v. IhUz (lwoti). ! 

G. horrid tun - 

; Stomach. 

1 Alligator mississip- ; X. America. 

: pit'iixis. 

Leidy (1856). , 

i j 

i 

: Cr. gmvile . 

Intestinal canal. 

Arapaima g>gas Brazil. 

1 = tiudis gig as 
= Va sires curierif 

S Diesing (1830). 

G. turgidma . 

rv 

Hirfelphis acara. ; Argentine. 

; Stossich (1902). 

Gnathostoam sp. 

Wall of large 
intestine. 

Zeontaaebus sp. , French Guiana. 

j Weinberg & Bri- 
j mont (1900). 1 
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G X AT 11OSTOMA ACYULMTH1 Hkrjabill, J 915. 

We have bemi unable to consult a paper in which, under this 
name, Skrjabin lias described a parasite from an ean’le in 
Turkestan. ‘We have no data. at all on which to base any 
comment. 


Gxatii ostoma sp., Weinberg and Brimont, 19u9. 

These authors give (1909, p. 104) a detailed report on certain 
lesions produced in the large intestine of a *• Tamarin J? (a small 
monkey) in French Guiana by parasites which they identify as 
G uathostomes. The habitat induces a, natural doubt as to whether 
the parasites may not have been (Esop 1 lagostomes, and a study 
of the text does not completely dissipate this, since no actual 
description of the worms is given. The following sentence occurs: 
44 Muni (Tun n ombre considerable d'opines et cle lam dies cdiitineuses 
tres solides, le Gnathostome enfonce profondement son extremity 
cephalique, et pent ainsx amener, par ce seui moyen mceanique, 
une rupture de la paroi intestmalef* It is not clear whether the 
expressions used here refer to G uathostomes in general or to 
these worms in particular, so that it appears wise to suspend 
judgment as to the systematic position of these parasites till they 
have been properly described. 

For Oh.elr acanthus unci n at us and ChelmcantJms spin osisst urns 
see Echhiocephalas {supra, p. 273). to which genus they belong. 

Genera doubtfully to be attributed to the Gnathostoniidse. 

A xcvii acaxtiits Diesing, 1839. 

Ancpmcanthus Diesing (1839, p. 227).. 

Ancrt/acuuthus v. Linstow {1893, p. 205). 

Genotype: Ancynteanthns pinnatijidm Diesing (1839, p. 227; 
pi. xiv, figs 21-27; ]>L xviii. figs. 1-20). 

A itepvacanth uspinnatljidus v. Drasche (1884, p. Ill; 
pi. iv. figs. 6-11). 

These nematodes are characterized by the fact that the head 
bears four appendages set cross-wise, two springing from each of 
the lateral lips. Each appendage is pinnate and is connected 
with a cervical sac. Furthermore, from the attachment between 
appendage and sac springs a long conical process, nearly as long 
as anti lying close beside the latter. Diesing and von Drasche 
are in disagreement regarding the existence of a communication 
between the cavities of the sac and of the appendage, which, 
taking into consideration the complicated branching character of 
the latter, is not surprising. It is stated by von Drasche that 
the cervical sacs have no spiral layer. 

Habitat: gut of Podocnemis expansa and i\ trcicam. \ 
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E LAP f IOC GPU ALT'S Molill. I860. 

Elti.phocrplfuhrs Moliii (I860, p. 343). 

Genotype: Elaphocephalns odorant alas jNtolin (3 860, p. 344). 

„ „ v. Drasehe (1884. p. 113 ; 

pi. iii. figs. 21-23 ). 

This genus and species, based on a single female from A ra 
[Pslttacasj Macao* are characterized by the possession of four 
cervical sacs which are without the internal processes found in 
Aacamcanthus. As in that genus, there are four freely-projecting 
external appendages, each of which, however, possesses an 
external process shorter than itself. The cuticle of the body 
carries closely-set spines. 

Whether Ancyraca/ithas planatljldvs and ElujAtocc] Judas 
ocioewniatns do or do not belong to the Gnuthostoinuhe can only 
he ascertained after further investigation, but it is not impossible 
that the structures just mentioned correspond to the ballouets 
and cervical sacs of the Gnathostomiare. If this be so, the 
difference between the subfamily and these two forms presumably 
lies in an exuberant development, in the latter, of the ballouets, 
uncontined by a stout overlying covering. In the forms 
mufuestionahly belonging to the subfamily such confinement 
within a uniform head-bulb is complete in Gaathosf.oma and 
EelAnoceplialas* less complete in Taaqaa anoauda and T. diadem a* 
and least so in Taaqaa tiara , in which last the prominences 
corresponding to the four underlying ballouets are sometimes 
strikingly distinct. It is not difficult to imagine that further 
exuberance and external subdivision or indentation of the cuticle 
covering the ballouets might well produce those external and 
internal modifications which have been described in these two 
genera. 

Note. 

Our best thanks are due to Air. T. ‘Southwell, formerly Director 
of Fisheries for .Bengal, Bihar and Orissa, for supplying us with 
much of the material upon which the work has been based, 
especially as regards the germs Eehiitocephahw, 

As regards the nomenclature of the busts, we are indebted to 
Air. Oldfield Thomas, F.R.S., for verifying and correcting* the 
names of all the mammals mentioned in the paper; and to 
Air. C. Chubb, Dr. G. A. Boulanger, F.E.S., and Air. 0. Tate 
Began, F.E.S., for performing the same kind office in the cases of 
birds, reptiles, and fishes respectively. 

For the preparation of some excellent serial sections we are 
indebted to the skill of Air. Cecil (Gunns, of the Zoological 
Department. Imperial College of Science. 

For all errors and omissions we accept full responsibility. 

The figures have all been drawn to scale with the aid of the 
Abbe camera lucida. 

Tile type-specimens of the species described as new are in the 
British AI use uni (Natural History). 
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(Works not seen hv the authors nre ♦marked with an asterisk.) 

Bayers. H. A. (1010)—Tla* Nematode Genus Tanqua, R. Blanchard. 

Ami. & Mag. Nat. Hist. (8) xvii. pp. 223-232. 

Blanchard, U. (190-1)— Tanqua, n.g., remplaeant Ctenocephalus von 

■ e.. Linstow. Areli. Parasite!., Paris, viii. p. 478. 

C hatin', J. (1874')—Etudes snr des Helminthes iiouveaux on peu 

eonnus. Ann. Sei. Nat., Puns,-(6) Zoologiu, i. s 
Art. 0, pp. 1-18 (separately paged), pis. viii.—ix. 
Ciurea, J. (1011)—liber Gnathostoma Jiisj)i<hun Fedtsch. Zeits. 

Infekt.-kvankli. Hausthiere, Her!in, x. pp. 286- 
292; 1 pi. 

CoBBOiiD, T. »S. (1864)—Entozoa. London. 

„ „ (1879)—Parasites; a Treatise on tin? Entozoa of Man and 

Animals. London. 

^Collin, - (1893)—Notiz iiber Gnafhostoma htepidnm Fedtsch. a ns 

dem Riiub?. Zs. f. Fleiseh* n. Milchhyg., iii, 
p. 119. 

Csokoe, J. (1882 )—Gnafhostoma Mspitlum suis s. Gheiracanth its 

Diesing. Osterr. Vierteljahrs. f. Wiss. Veteriniirk. 
Ivii. pp. 1-22; 1 pi. 

DiEsrxc-f, K. M. (1838)—Bericht fiber die XV. Yersamml. deutsch. Naturf. 
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Explanation of Letter haf of Text figures awl Plates. 


n-like appemhu 


, neck or cervical sac. 
euticulnr thickening. 
, caudal papilla, 
excretory 3 >ore. f 

e g'g-snc. 
hooks, 
head-hulk, 
lieudnmisclo. 
lip. 


l.p., lateral papilla. 

J.p.n., nerve of lateral papilla, 
nerve-ring. 
tcs.) (esophagus. 
rap, rectal glands. 

s., spines. 

$r;\, serrations. 
s.m.p., sulmiedian papilla. 
nip n., nerve of sulmiedian papi 
ftp., spicule. 

sii. } sucker-like depression. 

A, t., teeth. 

tl., termination of tail. 
uh, uterus. 
v., vulva. 


Tan'pda tiara. 


Felt i n oeepha his sou th wet 1 


EXPLANATION OF PLATES I.-VIII. 

Spiro.vjtts contort#. The head ; dorsal (or ventral) view. 

„ „ The head ,* lateral view. 

,, ,, Tail of male; ventral view. (Right spicule broken). 

„ „ Tail of male; lateral view. 

„ „ Tail of male; lateral view, at a higher magnificat inn, 

to show the papilla*. 

Spiro.vps tfangctica. The head; dorsal (or ventral) view. 

„ „ The head; lateral view. 

„ ,, Caudal extremity of male; ventral view, 

„ „ Caudal extremity of male; lateral view. 

„ Terminal portion of spicule. 

Tam put tiara. The head ; nearly dorsal view. 

,, „ Tail of male; ventral view. 

„ „ Tail of male; lateral view. 

Tan'pit a annmahx. Tail of male; lateral view.. 

Tan qua iliademx. Tail of male; ventral view. 

„ „ Tail of male: lateral view. 

F.cJiinocephalus spinosissimvs. Tail of male; nearly ventral view. 

„ „ Terminal portion of spicule. 

Fchinocephahis south wclli. The lips; dorsal (or ventral) view. 

,, „ One of the lips; lateral view. The cut icular 

thickenings are seen by transparency. 

„ Tail of male; ventral view. 

„ ,, Tail of male; lateral view, 

Terminal portion of spicule. 

Fchhweephthis wnlfiihutatiis. The lips; dorsal tor ventral) view. 

•i „ One of the lips; lateral view. The teeth 

are seen by transparency. 

„ „ Tail of male; ventral view. 

„ „ Tail of male; lateral view. 

i, „ Terminal portion of spicule. 

GnatJwstoma spiniyermn. Anterior end : lateral view (optical section). 

„ „ Surface view of one of the cervical papillae, 

* surrounded by spines, 
j, Profile view of one of the cervical papillae. 

„ „ Tail of male; ventral view. On the left-hand 

side of the drawing most of the spines 
have been omitted. 

j, „ Tail of male; lateral view, 

„ j, The spicules. 

.9 Terminal portion of left spicule. 

9 j 3 , Tail of female; ventral view, 

,9 „ Tail of female; lateral view. 

„ 93 Ova, some with embryos escaping, 
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I. Introduction . 

1 have, attempted in the following list to catalogue all species 
of Dragonflies which have been recorded from Borneo, or which 
are otherwise known to me to occur in the*island. 

In the case of some species I have added notes that may, I 
hope, be of service to others who may deal with this fauna. 

In addition to records already available in the literature of the 
order Odonata, I have been able to compile my list from the 
examination of the large amount of materia] sent me by Major 
J. 0. Moulton whilst Curator of the Sarawak” Museum. Borne of 
this material has already been dealt with, as noted in the 
references to literature; and Major Moulton’s type specimens 
are, unless otherwise noted, deposited in the British Museum; 
Where possible, para types have been sent to the Sarawak 
Museum. 

I have also been able to examine a collection sent to me nearly 
twenty years ago by Dr. 0. Hose from the Bara m district. 

References to specimens examined deal in every case with 
Major Moulton’s material miles.- otherwise stated. 

His localities are in the territory of Sarawak, with the following 
exceptions, which are in British North Borneo:—Mt, Kinabalu, 
Tampassuk (River), and Khotabelud. 

In order to avoid undue prolixity in the list, I have given 
references chiefly, if not entirely, to fannistie and systematic 
papers. For the LiheUtdino: I have thought it necessary to quote 
only Dr. Ris's Monograph of the subfamily, referred to in the 
sequel as te Ris, Oat, Coll. Belys, Libel]/' ( ; Catalogue Systenmtique 
et Descript. Collections Znologiques du Baron Edm, de Belys- 
Lon gehamps/ Fa sc. ix.-xvi, Libel hdinm). The publication of the 
Monograph was completed in 1619, and it contains a very full 
synonymy of all the Bornean species. 

For the Gomphimc and Chlorogoncphuuc I give reference only . 
to my previous paper on the group (these Proceedings, lb 14, 
pp. al-63, pi. L), where citations of recent papers are to. be found. 






312 


MR. F. JF. LA J JDLAW OS 


For species of other groups I ({note, where available, Kirby 's 
‘ Synonymic Catalogue of Neuroptera, Odonata 7 (1890) a,s “ Kirby, 
Cat. Odonata,' 5 and, in addition, references to later papers. Of 
those. Ease. xvii. of the * Catalog tie of Collections clu Baron Edin. 
de Selvs-Longchamps,’ dealing with the Cordulinse, by Martin, 
is referred to as u Martin, Oat. Coll. Selys, Oordul.” ; whilst Fa,sc. 
xviii.-xx. of the same Catalogue, dealing with the AEsehniine, 
are referred to as “ Martin, Oat. Ooll. Selys, rKsclm. 71 

1 have in certain cases given measurements of the specimens 
noted, in each case of the abdomen “abdd* and hinder-wing “ In wt’ 
in the ease of the male, after the measurement of tlie abdomen, 
the sign -f followed by another measurement refers to the length 
of the anal appendages. 

Where the venation of the wings is discussed, 1 have used the 
revised nomenclature proposed )>y Tillyard in his book, ‘ The 
’Biology of Dragon Hies.’ 

An asterisk planed before the name of a species signifies that 
X ha ve not seen a specimen of that species from Borneo. 

Parentheses around the names of authors placed after specific 
names in this paper are used in accordance with Article 23 of 
the International Kales of Nomenclature (Proe. 7th lilt. Oornr. 
Boston, 1907, p. 44 (1912)). 


II, List of Species . 

ANISOPTERA. 

rE S C II N I I> .E. 

C1 LLOIiOG OA1 rillN.E, 

« 

L Orogomphus dyak Laid la w. 

Orogomphus dyak Laid law, Proc. Zool. Boc. London, 1914, 
pp. 59-GO, pi. i. figs. 4-7. 

2d d,2$ $. Mt. Matang. 3 B 8. Mt. Merinjak, *2200 ft,, 
28. v.14. 

2. Orogomphus splexdihus Selys. 

Orogomphus splendid us Laidlaw, Proc. Zool. Boc. London, 1914, 
.4>p. 60-61. pi. 4. fig. 8. 

2 $ $ . Sarawak. 

-d5scn.NO.fi. 

3. :!: *Lix.eschxa polli Martin. 

Lina-sehm polli Martin, Oat. Coll. Selys, AEschn, pp. 136-137, 
, (tigs. 133, 134), pi. iii. tig. 9. 

4. J agoria modiglianii (Selys). 

OVujoceschna modigliami Kirby, Cat, Odonata, p. 86. 
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Dolvschna dmatwm Needham, Bull. Amer. Mus. Nat. Hist. 
23, p. 143, jig*. 3. 

? Jagoriapwtilopkra (pars) Karsch, Entom. Nadir. xv, p. 239 
(<*)• 

JwjM'ia da cal i cm .Martin, Cat. Coll. Selys, AFselin. p. 135. 

Jay or ia modujUanii Kruger, Stettin. "Entomol. Zeitg. 1898, 
pp. 238-259, 32/ ; Martin, Cat. Coll. Selys, JEschm p. 130 
(tigs. 126, 12/); Ills, Ann. Hoc. Entomol. Belg. pp. 240-242. 

2 J ?. Matang ltd. • " . 

I have followed His in the synonymy of this species. 

Wings suffused with golden brown throughout. 

5 . Abd. 40 mm,, h. w. 42 nun., 

5. * Jaooi.ua p/eoiloptera Karsch. 

Jagonia pivcilopteva Karsch, Entom. Nadir, xv. 1889, p.238; 
Kruger, Stettin. Entomol. Zeitg. 1898, pp. 327-328; Martin, 
Cat. Coll. Selys, /Esohn. pp. 132-133 (fig. 129). 

6. *'Jagoria ijuhri Forster. 

Jagoria buhrl Forster, Insecten-Borse, 1903; Martin, Cat. 
Coll. Selys, iEsehn. pp. 131-132 (fig. 128). 

This species recorded from N. Borneo by Dr. Forster appears to 
me to be very closely related to that immediately preceding it, 
I have not seen examples of either of these two last species. 


7. Hellesohna wm (Brauer). 

Amphimchna ? uhc Kirby, Cat. Odonata, p. 93. 

Jldimchua ultv. Kriiger, Stettin. Entomol. Zeitzg.' 1898, 
pp. 323-324; Martin, Cat. Coll. Selys, ZEsehn. pp. 164-165 
(fig. 166); Ilis, Ann. Soc. Entomol. Belg. lv. 1911, pp. 242-243 
(%• 10). 

1 ($ . Matang Ed,, 2. ii. 11. 1 J . Kuching, 4.ii. 98. 1 <5 . 

Buntalj iii. 12. If. Matang Ed,, 4. i. 11. 1 2 . Saribas, xi. 1900. 
1 f . Kuching, iv. 03. 

d . Abd. 52 p 7 mm., h. w. 52 mm. f . Abel. 57-f nun., h. w. 
53 mm. 

The females each have four large spines on ventral plate, the 
■median pair being larger than the lateral pair. The apex of .the 
plate is strongly decurved, and the margin carries smaller spines 
on either side of the four larger ones. From the description and 
figures (Martin, loc . tit. figs. 163, 166) 1 cannot separate this 
species from the next. 

8. ^XTeliass onNA crassa Kriiger. 

Ildimchna crasm Kriiger, Stettin. Entomol. Zeitg. 1898, pp* 
324-325 ;. Martin, Cat. C611. Selys, AEschn. pp. 162-163 (fig. 163). 
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9. MIelx.esckna itninervulata Martin. 

1 feliw&chna nnhiervulata Martin, Oat. Coll. Selys, rjdselui. pp. 
163-164 (figs. 165, 168). 

This species, described originally from Borneo, occurs also in 
Lower Burma. (1 -4? coll. E. B. Williamson.) 

1 0. *IIELI JE SCHNA SI W PLICIA (KaVScll). 

4 Mphiawhua simplicin Jvarseli, Ent. Nachr. xvii. 1891, p. 308; 
Kurseh, Ent. Nadu*, xviii. L892, p. 230. 

Ileliif’scJina shapin'ia Karseli, Ent. Nadir, xix. 1893, p. 195 ; 
Martin. Cat, Coll. Selys, rEselin. pp. 161-162 (tig. 3 62). 

11. ‘NVmpheeschxa perampla Martin. 

A in pltia-sclnta poramphi Martin, Cat. Coll. Selys, rEschn. p. 115 
(iigs. 108, 109). 

12. Amphlesuhna giu t baperi Forster. 

Amphla : :schu<(j yrubaaeri Forster, Insekten-'Horse, xxi. (1904) 
pp. 1-3 (sep.j; Martin, Oat. Coll. Selys, tiEsekn. pp. 115-116 
(fig. 110); Laidlaw, Journ. Straits Branch K. Asiat. See. Ixiii. 
1912, p. 94. 

1 J ■ Mt. Bata Lawi, 24. v. 11. 

The arculus in the fore-wings of this specimen is of a primitive 
character. The upper part is very oblique and readily seen to 
be formed by M^.,, M p which separate before M 4 is met by the 
scarcely thickened cross-vein which forms the lower part. 

The upper part of the hinder-wing is much less oblique. 

The costal, subcostal, median, and cubito-anal spaces in both 
fore- and hinder-wing are opaque, dark brown to a level of about 
one cell before the arculus; the anal area of both wings tinged 
with orange-brown to about the same level. Beyond the nodus 
the wings are tinged with orange-brown almost to the apex. 

The ventral plate curves upwards at its apex and carries about 
8 small irregular spines. Its ventral surface has a deep conical 
depression to receive the points of the terebne. 

Abd. 62 mm h. w. 63 mm. Pt. 2 mm. 

(The measurement given by me (loo. cii .) of 70 mm. for the 
hinder-wing vjas an error.) 

13. TETRAC'ANTIIAGVXA PLAGIATA (WateillOUSe). 

1 etraccmthagyna plagiata Kirby, Cat. Odonata, p. 94; Kruger, 
Stettin. EntonioL Zeitg. 1898, pp. 287-288; Martin, Cat. Coll. , 
Selys, rEsclui, pp. 145-146 (figs. 144, 145). 

I . Kakus, vi. 13. 

II is (lov.ell.) suggests that the next species, separated from 
plagtakt on account of the colouring of the wings of the female, is 
identical with it; and that T. plug tat a has two forms of female, one 
with a costal stripe and transverse band of brown on the Wings 
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(T. play it da type), the other with cost a i stripe <>niv {T. rittaia 
type). No utitle with transverse hands lies been recorded. 
Structurally the females of the two forms are identical, and 
lUs’s view is in all probability correct. In this case T. ritiata 
MeLach. will be a synonym of 1\ plug tala Whiterh. 

5 . Abd. 68 Him., h. w. 80 min. 

j_TKTItACANTlIAGYXA YiTTATA MeLacll,] 

, Tetraeanthat/yiat ritlata MeLachlan, Trans. Entomol. 8oe. 
London, 1868; Martin, Cat. Coll. Selvs, Mvsdm. pp. 144-14;! 
(iig. 144); It is, Ann. Soc. Entomol Belg. lv. 1011, pp. 243-244. 

1 S , 1 K uching, iv. 00. 

See remarks under T. play hit a. % 

The female of this pair is possibly the largest and bulkiest indi¬ 
vidual of all living Odonata on record. The pair in full flight 
must have afforded a splendid sight to 'any entomological 
enthusiast, 

<$ . Abd. 70-f-7*5 mm., li. \v. 72 mm. 

$ . Abd. 70 nun., ii. w. 83 mm. 

14. * Tutu aca at u a g yn a degoiisi Martin. 

Ttbmcauthaijipia deyorsl Martin, Bull. Soe. Eutom. France, 
1895; MeLachlan, Trans. Entomol. Soe. London. 1898; Krilger, 
Stettin. Entomol. Zeitg. 1898, p. 288; Martin, Cat. Coll, Selva, 
rEschn. p. 147. 

15. * T ET a A ( 'ANTI 1 AO X A WATER H OUSEL McLad). 

1 kiracanth < tgi/na iraterho 11 rc i MeLachlan, Trans. Entomol. Soc. 
London, 1808 : Martin, Mission Pa vie, Nevrop teres, nsep.) p. 14 ; 
Martin, Cat. Coll. Selys, rEsehn. pp. 143-144 (fig. 142). 

16. Tetracantrag vxa brun’nea MeLach, 

THravaiUhitgiitia hmtnim MeLachlan. Trans, Entomol. Soc. 
London, 1898; iMartin, Cat. Col). Selvs, rEschn. pp. 146-147 
(Iig. Hi). 

Tetracaathaypna play lata Laid law {nee Waterhouse), Proea 
Zool. Soc. Loudon, 1902, p. 79. 

(The specimen recorded by me, h>c. ciL 1902, from the Malay 
Peninsula, belongs here and not to T. play lata.) 

1 J • Sarawak : li, w. 66 mu*., abd. 55 mm. 

17. GYNACANT1JA DEMETBE Ris. 

, Gyiuicantha demeter Ris, Ann, Soc. Entomol, Belg. iv. 1911. 
pp. 245-246 (fig. 12).' 

T (J , 1 ? . Mutftug Rd., 22. ii. 20. ' 

18. Gynacantha dojirxi Kriiger. 

Gpuamnffm dohrni, Kriiger, Stettin, Entomol. Zeitg. 1898, 
pp. 277-287, tig. p. 280.; Martin, Cat. "Coll. Selys, iEsehn, 
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pp. 109-200 (lig. 204); 'llis, Ann. Soc. Entomol. Belg. lv. 4911, 
pp. 244-246,(fig. 11). 

2d d • Saribas. 1 d* Quop, 19. iii. 14. 1 $>; Mt. Merinjak, 

*23. v. 14. 2 2 5 . Matang Ed., 1 .iv. 12. 1 2 . Kuching, 14. i. 96. 

The collection also contains 3 2 5 which I have not been able 
to identify with certainty. They are from Tabekang, 13. v. 14, 
and Kakus, vi. 1913. In these specimens the wings are suffused 
with orange-brown. The material at my disposal is unfortu¬ 
nately insufficient to permit a satisfactory handling of the genus. 

19. Gyxacant.ua basiguttata Selys. , 

Amathagyna basiguttaia Kirby, Cat. Odonata, p. 95. 

Gyuacaniha basiguttata Kruger, Stettin. Entomol. Zeitg. 1898, 
pp. 277-284, fig. p. 279 ; Martin, Mission Pavie, Kevropteres, 
(sep.) p. 14 id., Cat, Coll. Selys, JEsclm. pp. 192-193 (fig. 197); 
[? fig. 197 = Cr. dohntl Kruger, see Eis, loc. Eis, Ann. Soc. 

Entomol. Belg. lv. 1911, pp. 246-247, (fig. 13). 

20. *Gyxaoaxtua bayadeka Selys. 

Gynacctniha bay cider a Selys, Ann Mas. Civ. Genova 2. x. ( xxx.) 
1890, p. 51 ; Kriiger, Stettin. Entomol. Zeitg. 1898, pp. 277-283, 
fig. p. 280; Martin, Mission Pavie, K evropteres. (sep.) p. 14; 
Martin, Cat. Coll. Selys, ZEselm. pp. 196-197 (fig. 200); Eis, 
Ann. Soc. Entomol. Belg. lv. 1911, pp. 244-245; Eis, Kova 
Guinea, xiii. Zook, Livr. 2, pp. 111-112. 

21. *Gyxacastiia maclachlani Kruger. 

Gjynacantha maclachlani Kriiger, Stettin. Entomol. Zeitg. 1898, 
pp. 277-287, figs. p. 280 and p. 319; Martin, Cat. Coll. Selys, 
rEsehn. pp. 200-201 (fig. 205). 

22. *Gynacaxtha hyalin a Selys. 

Acanthagymt liyaliua Kirby, Cat, Odonata, p. 95. 

Gynacantha hyaliim .Selys, Ann. Mus. Civ. Genova, 2. x. fxxx.) 
1890, p. 50; Kriiger, Stettin, Entomol. Zeitg, 1898, pp. 277-283 ; 
Martin, Cat. Coll. Selys, ZEcIm. pp. 198-199 (fig. 203). 

23. Ax ax guttatus (Burm.). 

Anax g attains Kirby, Cat. Odonata, p. 84; Laidlaw, Proc, 
Zool. Soc. London, 1902, p, 78; Martin, Mission Pavie, Nevrop- 
teres, (sep.) p. 14; Martin, Cat. Coll. Selys, ZEschn. pp. 23-24 
(fig. 17); Eis, Senckenberg Naturfors, Gesellscb. xxxiv. 1913, 
p. 527. 

1 d, 1 2 * Lie Matu, 2. xi. 14. 

24. *Anacleschxa jaspudea (Bunn.). 

A naeiteschiia gasp idea Kirby, Oat. Odonata, p. 86; Kruger, 
Stettin. Entomol. Zeitg. 1898, pp. 274-275; Martin, Cat. Coll. 
Selys, ZEschn. pp. 30-31 (fig. 25). 
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Gumphinje, 

[ Lor references to literature, see Laidlaw, Proc. Zool. Soe. 
London, '1914, pp. 51-63: ** Contributions to a. Btudv of 
the Dragonfly Fauna of Borneo.—Part II. The Goinphiiue 
and Chlorogomplmne ” (plate i.).] 

25. Ictinus acutus Belys (MBS.). 

26. Motinus deooratl's Belys. 

27. Ictinus meljenops Belys. 

28. Gompuidia maclachlani Belys.' 

29. ’^Gom piijdja kausciu Belys. 

30. SlEBOLDJUS JAPONIGUS Belys. 

31. *Macrogqmpiius albard.e Belys. 

32. Magrogomphus decemlixeatus Belys. 

33. Macrogompiius quadrates Belys. 

34. MiCKOGOMPJius oh eli per Belys. 

35. *Leptogumphus semperi Belys. 

36. Ltsptogomphus williamsoni Laidlaw. 

37. Burmagomphus vjbhmicujlatus Martin, subsp. insular is 
Laidlaw. 

38. Heterogom pules icterops Martin, subsp. homeemis Laid¬ 
law. 

39. Heterogomphus sumatraxus Kriiger. 

lleterogomphus sin naira j ms Laidlaw, Proc. Zool. Soe. London, 
1917, p. 232. 

Libellulidje. 

CoRDULIIXiE. 

40. Hemicordulia as,sdiilis Belys. 

Ifemicordulia (?) assimilis Kirby, Oat. Odonata, p. 46, 
Hemicordulia assimilis Laidlaw, Proc. Zool. Soe. London, 1913, 
pp. 64-65; Martin, Cat. Coll. Belys, Oordul. pp. 11-12; His, 
Nova Guinea, ix. Zool. 3, pp. 501-502 (tig. 21). 

41. Azuma australis (Hagen). . 

EpopMhalmm australis Kirby, Oat. Odonata, p. 54 p Martin, 
Oat. Coll. Belys, Oordul, p. 63; His, Ann, Boe. JEutomol. Belg. lv, 
1911, pp. 248-250 (figs. 14, 15). . . 
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4 2. * A z F m a titt ra e ra ( R a m b. ) . 

Epophihahria rittlgrca Kirby, Cat. Odonata,, p. 54 ; Martin, 
Mission Pavie, Xevropteres, (sep.) p. 8 ; id., Cat. Coil Selys, 
Cordul. pp. 02-63. 

43. Macromia cixcta 14amb. 

Macro mi a cincta Kirby, Gat. Odonata, p. 55 ; Kruger, Stettin. 
Entomol. Zeitg. 1891), p.325; Martin, Oat. Goll. Selys, Oonhd. 
p. 08 ; Laid law, Froc. Zool. Hoc. London, 1913, p. 69. 

2 c5'd • Barum. 

Length of abdomen 49 mm., of hinder-wing 45 mm. 

44. Macromia BURNEJ3XSIS Kruger. 

Macromia borncensis Kruger, Stettin. Entoinol. Zeitg. i<S99, 
pp. 380-332 ; 'Martin, Gat. Goll. Selys, Oordul. pp. 68-69. 

45. *‘Maciiomia (« E rst A EC iv e ui Kriiger. 

Macromia gerstaecheri Kriiger, Stettin. Entomol. Zeitg. pp. 335- 
338 ; Laidlaw, Proc, Zool. Hoc. Lomlon, 1902, pp. 7(5-78 ; Martin. 
Cat. Goll. Selys, Gordul. p. 70. 

46. Macromia westwoodi Selys. 

J Imromia t res It rood i Kirby, Gat. Odonata, p. 55 ; Kriiger, 
Stettin. Entomol. Zeitg. 1899, pp. 325-326 ; Martin. Mission 
Pa vie, Xevropteres, (sep.) p. 8 ; Laidlaw, Proc. Zool. Sue. Lomlon, 
1918, p. 69 ; Martin, Cut. Coll. Selys, Gordul. p. 72, 

1 d. Lio Matu, 30. x. 14. 

Length, of abdomen 42 mm., of hinder-wing 41‘5 mrn. 

47. Macromia ei/terre Laidlaw. 

Macromia enterpe Laidlaw, Prod. Zool. Soe. London, 1915, 
pp, 26-29, tigs. 1,2. 

2 d d . 1 5 ■ Kinabalu. Id. 1 $ . Mt. Merinjak, 600 ft., 
24. v. 14.' 

48. * Macromia fix of lata 11 am In 

Macroitiia cinyulaia Kirby, Cat. Odonata, p. 55; Martin, 
Mission Pa vie, N e vropteres, (sep.) p. 8 ; Martin, Gat. Coll. Selys, 
Gordul. p. 7(1. 

[Of the six Bornean species here recorded I have seen examples 
of three, only. The large female specimen referred to in a, 
previous paper (Proc. Zool. Hoc. London, 1913, p. 68} is probably 
a female specimen of Epophthalmia tat straits Hagen. 

Macromia eaterpe Laid law appears to he closely allied to 
J/. westwoodi Selys. Both species are characterized by having 
"segments 1-6 of the abdomen of metallic-green lustre, whilst the 
remaining four segments are black, save for the yellow basal 
mark on 7. 

On the other hand, the anal angle in the wings of the, males are 
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different in shape: that of ?J. euterpp os shown in the xKure 
given ( loc.cit . textdig. i, a) is rathm* deeply indented, tlist of 
J/. ujrsb'Coodi much more nearly straight. But the readiest 
means of discriminating the two species is a Horded by the anal 
appendages of the male. In th§ specimens of J/. e/ulerpe I bare 
examined, the upper pair are in every ease almost destitute of an 
external tooth, and are but little shorter than the lower appendix. 

In the case of M. a'pstieoodi both the specimen before me and 
that described by de ttelys have the external tooth well 
developed, and the lower appendage exceeds the upper pair in 
length very considerably, projecting beyond them bv nearly a 
third of its total length when seen in protile. 

For the rest I record Jf. citujulata Ramb. and J /. gerstaeekeri 
on Martin’s authority.] 

49. Macro midi a pulva Laidlaw. 

Macromidm ftdva Laidlaw, Proe. Zool. Soc. London, 1915 
pp. *29, 30, text-fig. 3. 

1 d . Kinabalu. 1 g. Mt. Matang, 4. xii. 13. 

The male is the type of the species and is in the British. 
Museum. 

The female is very immature. The body-colour is a pale brown, 
with darker bands at Irises of abdominal segments 3-7, and there 
is a brown basal spot on each wing extending nearly to ax., the 
rest of the wing being perfectly clear. Abd. 34 mm., h. w. 35 mm. 

50. Idioxyx dohrni Kruger, subsp. boilxeexsis. 

J dionyx dohrni Kruger, subsp. hrrnemsis Laidlaw, Proc, Zool. 
Soc. London,-1913, p, 67. 

51. Metahiva MtOAXS Laidlaw. 

Jfetaphya ,n leans Laidlaw, Sarawak Mas, Jouvn. No. 2, 1912. 
pp. 05-67, pi. i.; id., Proc. Zool. Soe. London, 1913, pp. 65-106 
(pi. iv. figs. 1, 3). 

The genus occurs in Borneo, New Guinea, and, 1 believe, in 
New Caledonia. 

Lirellulixxe. 

Group I. (of Bis). 

52. Tetratixejhs irregularis hyalixa Kirby. 

Tetmthemis irregularis hyalin a Bis, Cat. Coll. Selvs, Libell. 

p. 47. • 

2 (S 6 * Matang RcL, 25.iii. l(b 1 d. Betuh, 16. v. 14. Id- 
Limbang, 8. ix.,09. 

53. *Tetrathemis flavescens KirbAx 
Teim them is fia ve&ce ns Bis, Oat. Coll. Selys, Libell. p. 5,2. _ , 

1 d. Sarawak., Autotype in Brit. Mns. $ unknown. 
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54-. Of a four. xr (Kruger). 

Otht dohvn 't His, Oat. Coil. Selys, Libell. pp, 02-C3 (figs. 25-28). 
4 S 6 ? 3 $ 5 . Malang Kd. 

55. Hyl-eothemis clemextia His. 

JIyl(f other vis dementia liis. Cat. Coll. Sol vs, Lil sell. pp. 64-65 
(figs. 20, 30); La id law, Jo uni. Straits Branch 10 As. Soc. 
Ho. 63, 1012, p. 95, pb, fig. 5. 

1 $ „ Alt. Batu .Law! (allotype). Sarawak Museum. 


Group IT. (of liis). 

56. PoRNfmiEMrs sereata Kriiger. 

Porn ot hem is serrata His, 0<ai. Coll. Selvs. Li bell. pp. 92,93 

(%. <S4). • 

5 & 6 ', 2 2 2 . Mil tang ltd, 

57. O ecu I'm em j s xaxtii osoma Laidlaw. 

Orchithemis xanihosoma His, Cat. Coll. Selvs, Libel 1. pp. 1050- 
1057 (fig. 615). 

3 3 o , 2 2 2 * Matang Hd. Type <5 in British ALiseum ; 
allotype 2 > coll. Selys. 

58. Orchithemis pulcherrima Brauer. 

Orcli iihemis ptdeherrima His, Cat. Coll. Selys, Libell. pp, 85-86 
(figs. 54. 55). 

1 2 * Sadong Hill. 1 8 , 2 2 $ . Matang Hd., 24. vi. 09. 3 c <5, 
3 2 2 * Baram (C. Hose ). 

59. ^Orchithemis pruixans (Selys). 

Orchithem/is prut nans His, Cat. Colb Selys, Libell. pp. 87-88 
(figs. 56. 57). 

60. Lyriothemis cleis Brauer. ■ 

Lyriothemis dels His, Cat. Coll. Selys, Libell. pp. 108-111 
(figs. 78, 79, 80). 

1 8. Limbang. 2 cf L Mt. Mnvud, xi-xii. 14. 1 2 * Tatau. 
1 d , Selinclong, 12. vi-xi. (2 <5 <5, 1 2* Bnram; O. Hose.) " 

01. '^Lyriothemis biappenbictlata (Selys). 

Lyriothemis hioppendievlata His, Cut. Coll. Selys, Libell. 
pp. 106-107 (figs. 71, 76, 77). 

62. iNESOXEXIA LIXEATA (Selvs). 

Xesoxenia lineata His. Cat. Coll, Selvs, Libell. pp, 126-128 
(figs. 93,94). 

1 o - Matang Ed, 
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63. ^ Lath recist A asiatioa (Fain*.). 

Lathreclsta asiatica asialien Ris, Oat. Coll. Selvs, label!, 
pp. 130-132 (figs. 95, 96, 97). 

64. Agrionoptera insignis (Rami).). 

A grionoptera insignis insignis Ris, Cat. Coll. Bel vs. Libell. 
pp. 137-138 (fig. 99). 

1 <5. Rental, vi. 1910. Thorax dark metallic green, lighter 
markings almost lost. Abdomen with segments 3-8 scarlet-red, 
each with apical, black ring; on 8 about one sixth the length 
• of segment. Wings suffused with golden yellow, especially at 
apices; basal marks golden brown; on fore-wing sc to ax\, 
cu to Ac. Hinder-wing sc not reaching ax' v cn to Ac. 

Abd. 28 mni., h.w, 81 mm. Pt. 3 mm. 

65. A grionoptera sexlineata Selys. 

A grionoptera sexlineata Ris, Cat. Coll. Selys, Libell. pp. 144- 
145 (figs. 102, 103). 

1 R , 1 $ . Baram, 15, x. 1910. 

The female from Baram .has the wings hyaline throughout, 
and the red marking on the 7th abd. segment only. 

60. Oratxlla metallica (Brauer). 

CratiUa metallica Ris, Cat. Coll. Selvs, Libell. pp. 152-153 ■ 
(figs. 108, 109). 

1 $ . Mt. Murad, 5.xii. 14. 1 <$ , 1 § . Matang Rd., 13. x. 09. 

67. Oratilla lineata (Brauer). 

CratiUa lineata Ris, Cat. Coll. Selys, Libell. pp. 153-155 
(figs. 110, 111). 

‘ 68. Potamarcha obscura (Ramb.). 

Potamarcha obscura Ris, Cat. Coll. Selvs, Libell. pp. 156-157 
(fig. 112). 

69. Orthetrum glaucum (Brauer). 

Orthetrum glaucum Ris, Cat. Coll. Selys, Libell. pp. 233-234 ; 
Laidlaw, Proc. Zool. Soc. London, 1915, p. 25. 

70. Orthetrum pruinosum clelia (Selys). 

Orthetrum pruinomm delict Ris, Cat. Coll. Selys, Libell. 
pp. 242-243. 

Orthetrunfb delict Laidlaw, Proc. Zool. Soc. London, 1915, p. 26. 

71. Orthetrum sabina (Drury). 

Orthetrum sabina Ris, Cat. Coll. Selys, Libell. pip. 223-225 
(figs. 133, 149), 
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7*2. Orrni ictk'cm testaceum (.Burin.). 

OMrint.ni festamno f^lace/fia Itis, Cut. Co]l. Selvs, Libell. 

pp, 22-4-227) ; La id law. Pok*. Zoo]. ISoc. London. 1915, p. 20. 

73, Ortuetrum chrysis (Selvs). 

UrfJtetr*?,n chrysis Kis, Cat. Coll. Selvs, Libel!. p. 237, 

Group IT. (of His). 

74. KaXXOPUYA PYfULEA Ennib. 

Nmvitopltya jnjym(Pa Kis, C ( a.t. ColL Belt's. Libell. pp. 347-348 
(figs. 190, 197). 

G $ 6 , *2 5 g . Bara wnk. 

72. Braoiiygoxia ooulata (Brauer). 

Brachyyoam ocnlata Itis, Cat. ColL Solus, Libell. pp. 353-334 
(figs. 203,' *204). 

3 <$ 6 • 4fli Mile, Hock ltd., Sarawak, 1909. 

70. Erachygoxia opiielta His. 

Bvaehygmtia opLclia His, Cat. ColL Selys, Libell. p. 354 
(fig. 205). 

1 g . 4th Mile, Rock Ed., Sarawak, 1910. 

77. Tyriobapta tgrrida Ivirby. 

Tyriobapta torn da His, Cat. ColL Selvs, Libell. pp. 355-356 
(figs. 206, 208), ami pp. 1120-1121 (fig. 043). 

1 g. Sadong. 1 g. Matang Ed., vi. 09. 

78. Tyriobapta laiblawi His. 

Tyriohaptu laidlam. His. Cat, Coll. Selvs, Li boll.' pp. 1321- 
1122 (fig. 044). 

1 cl * Sarawak (autotype). Coll. His. 

79. Tyriobapta kukexthali (Karscb). 

Tyriobapta hukenthali His, Oat. ColL Selvs, Libell. pp. 357-35.8 
(fig/ 209), and p. 1122. 1 

3 6 6 . Sarawak. 

80. Bracxxydiplax chaly'bea citalybea Brauer. 

Brachydiplax chah/hea His, Cat, ColL Selys, Libell. p. 303. 

Braehydiplax chalyhea chalybea. id. op. eit. p. 1123. 

1 S * Bantu bang, 19. i. 10. 1 . Ha ram (C, Hose), 1 <$ . 

Kot-abebuL 17.vtii.I3. 
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Rh IIavuj&ma i:\EK3iis His. 

Raplasnm hit rods His, Cat. Coll. Selvs. Libell. pp. 370 571 

(H«. 222). 

3 o d . Sarawak. 

Group VI. (of Ris). 

82. ^Dxi'lacodes tutvialis (Ham!).). 

Diplacodes irivialis His. Cat. Coll. Bel vs, Libell. pp. 408-470 
(figs. 203, 21)4). 

83. *Geocotiiemis se uvi liA (Drury). 

( Votudla a) is seer ilia His, Car. Coil. Selys. Li hell. pp. 539-542 
(!ig. 320). 

84. ^NEUitoTiiifians dispaiolts Kirby. 

Xeurotheuds dispar ilia His, Cat. Coll. Selys, Libel!, p. 566. 


85. Neurothemts fluctuaxs Fain*. 

Xeurotheuiis j!act nans His, Cat. Coll. Solys, Li bell. pp. 560-569, 

1 d * 4fcli Mile, Hock Rd.. Sarawak, 1 d , i 2 . Li in bang, 

20. vi.U. 1 ?. N. Merinjak, 13. xi. 14. Id*,]?. Banira 

( 0. IIuse ). 

86. Nkurothemis tekmixata His. 

Xeurotheuiis terudnata His, Cat. Coll. Selvs, Libell. pp. 560-572 
(tig*. 328, 320, 334, 335). 

2 cob Mataiig Rd. 1 d * Mntaug Mountain. Id. Bidi, 

viii.98. 1 d* Buntak IG.iii. 12. 1 6 • Samara,knn, 17. vi. 10. 

87. BII OI)OT HEM IS IMAFA (Haiiib.). 

Ithodothemis rufa His, Cat. Coll. Selys, Libell. pp. 592, 593 
(tig- 350). 

1 $ . Betuli , lG. V. 14. 

Group VII. (of Bis). 

88. PSEUBAGRIOXUPTERA DIOTIMA Kis. 

/ ‘sefulayrionopifi'a diotlum His, Cat. Coll. Selys, Libell. pp. 748 
749 (Mgs. 425, 426). 

1 J . Sarawak. 

89. Trithemxs aurora (Barm.). 

Tnth ends aurora His, Cat, Coll. Selys, Libell. pp. '775-778 
(fig. 442); La id law, Proe. Zook Soe. London, 1915, p. 26. 

Id? 1 ? . Kinabalu. 2d d- Ulu A kar, 14. xi. 14. d . ML 
Murud, 18. vii. 1 4.- 1 d . Samarakan, 1 7, vi. 10. 

Proc. Zool. Soc.—1920, Ko. XXIL ■ 22 . 
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90. TlUTIIEMJS FKSTiVA (Ramb.). 

Tritium Is fallen .His, Cat. Coll. Selys, Li hell. pp. 796- 799 
(figs. 4-50, 457) ; Laidlaw. Pro/. Xool. Sue*. London, 1915, p. 20. 

3 <5 (S . Kina Lain. 1 J. j\lfc. Morin jak. 

91. Zygoxyx iris Selys. 

fyffotu/.n iris His, Cat. Selys, Liheli. pp. 820-823 (fig. 478); 
Laltliaw, Proe. Xool. Son. London, 1915, p. 20. 

2 c? X . Kinabalu. 1 $. Mt. Murud, 2.xii. 14. 

92. OxYOIluTilKMLS CFIAU NICOLA cmlfulnsis His. 

OiufchoUtGhiis srhui iucohi Forster, subsp, Celebes sis His, Oat. 
Coll. Selys, Liheli. pp. 835-830. 

1 H . Tata u. 

Under lip brown, ripper lip and face brown, with faint metallic 
blue reflexion; thorax brown, also with rather a metallic tinge. 
Abdomen entirely scarlet; anal appendages—upper pair red at 
base, distal two-thirds black; lower nppenda,ge red, terminating 
in a, pair of tine black points. Wings lightly suffused with 
yellow. Legs black. Abd. 32 nun.; h. w. 35 mm. Scarcely 
fully mature. 

93. *Onyciiothkmis cflmi nicola oulmunIcola Forster. 

Onf/ekoikemis ealmitucela cahuhiicola His, Cat. Coll. Selys, 
Liheli. pp. 835, 830. 

Quour X. (of* His). 

94. JiYDUuBASiLMxs eitocEUs (Brauer). 

IIijdrohasileus croceus His, Cat. Coll. Selys, Liheli. pp; 909-970 

(%. 562). 

95. Xhamisa limbata (Desjardins). 

Tramea Umbula Kirby % Cat. Odonata. p. 4. 

Tramea tnuiducida Kirby, loc. eit. p. 3. 

Tramea limbata His. Oat. Coll. Selys, Liheli. pp, 979-988 
(kgs. 563, 568, 569). 

96. Rh voiriims phylus pjxvllis (Suker). 

Rkyothemis j>hjllis pfa/ttis His, Cut. Coll. Selys, Liheli. pp. 939- 
940 (jig. 540, pi. ay). 

97. *Rhyothemis ateeetma Selys. 

Rh ifolkemis aterrima His, Cat. Coll. Selys, Libel], p. 953. 

98. Rhyothemis pygsuea (Brauer). 

Rhyothemh pyguuea His, Cat. Coil. Selys, Liheli p. 955. 
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90. Rll YOTEIEMIS OiJSOLESCUXS Kirby. 

Rhynthnnis ohsolcscms Ills, 0;it- Coll.Sdys. Libeil. pp. 958-959 

(l»I. 

K)l). RIIY O T 11 E MIS TR1AXG I'LAiiJ S Kirby, 

Hlujothemh s triangularis Ills, Cat. Cull. SC vs, Libeil. pp. 902- 
903. * 

101. *Z\'XOMMA PETJOLATUM RaUik 

Zyxoniurd petiolaium Uis, Cat. Coll. Selvs. Lit,tell. pp. 903-905 
(ilg* 523). 

102. -Tholvmis tillakga (Fa,br,). 

Thai*/mis tillarga Ris, Cat. Coll. Selvs, Libeil. pp. 913-915 
(lips. 531, 532). 

103. PASTALA FLAVE30ENS (Fiibr.). 

Pantala t dareseats Ris, Cat. Coll. Selvs, Libeil. pp. 917-920 
(tig. 533). 

104. * J ’C'AMAf:r>iIA UALtTERTI Kar.seh. 

Ca mac bit a ha Her it Ris, Cat. Coll, Selvs, Libeil. pp. 928-929 
(figs. 538, 539). 

105. CllOTHEMIS SIGN AT A IXSfGNATA (Selvs). 

Vrothemls siguatti insiyuntil His, Cat. Coll. Selvs, Libeil. 
pp. 1024-1025. 

106. ; LEt a fu amanta graculis (Brauer). 

Brackf/diplaj. 1 gracilis Kirby, Car. Odonata, p. 22. 

Brackifdiplax mekenops Kirby. Joe. eit. 

.Jdihrimnauia gracilis Ris, Cat. Coll. Selvs, Libeil. pp. 1.032- 
1033 digs. 597, 598). 


ZYGOFTERA . 


Calopteeygix.e. 

107. N ELIUUBASIS chinexsis (Li mi.). 

Xe anabasis chInensis Kirby, Oat. Odoimta, p. 102; Forster, 
Ann Soe. Entoinol. Relg. xli. 1897, pp. 204-210 ; Kriiger, Stettin. 
Entomol.Zeitg. 1898, pp. 74-75; Laitllaw. Proe. Zool.Soc. London, 
1902, pp. 80-87, 

Jfeurohasis ekinensis ckiaeusis Ris, Tijd. v. EntomoL Iviii. 
1915, p. 6. 

' 22* ' 
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108. IMathonoidks cyaxei pexxts Forster. 

j falrouoides ei/attcipe inti a Forster, Wiener EntoinoL Zeifcg 
1807, iii.; id.„ Ann. Sue. Fntomol. Belg. xl. 181)7. (sep.) pn. 1-5 
Laidlaw. Journ. Straits Branch 11. Asiat. Soc. [08J 1012, p. On 
id.. Proc. Zool. Hoc. London, 1010, p. 80. 

G o 6 ♦ Mt. Selinguid ami Mb. Ba.cn Lawi, 8500 ft., 80. v. 11. 
U <5 6 .5 '? 2 * Mb. Kinabalu, ix. 1913, up to 3000 ft, 

109. Yestalls amosxa Sol vs. 

Vestal is atuuma Kirby, Oat. Odonatn, p. 103 ; Kruger, Stettin. 
Entomol. Zeifg. 1 SOS. p. 75: Laidlaw, Proc. Zool. Hoc. .London, 
1902, p. 87 ; id., Proc. Zool. Hoc. London, 1915, pp. 30-81. 

11 5 o', 5 2 9 . Mb. Kina-balu up to 30(H) ft. 

110. Vestalis heuyll.e Laidlaw. 

Vesialis bert/lltr Laidlaw, Sarawak Mus. Journ. ii. 6. 1915, p. 278, 
I 6 (autotype)- llctuh. Specimen in Brit. Mus. 

’Wings hyaline, slightly tinged with yellow. A single row of 
celts between Cip and On,,. Body metallic green. Legs black. 
The species is remarkable for the great relative length of the 
abdomen (70 mm.) as against 40 nun. for the hinder-wing. 


Epallagix.e. 

111. Ps eldup i ( aba tricolor (Seiys). 

Pseitdopkcm tricolor Kirby, Cat. Odonata, p. 109. 

8 6 6. Retuh, 14, ix. 14. 2 d 6 ,2 g $ . Saribas (3 6 6 , 

Barinn ; U. Hose). 

112. PseUD oPit ;ea s ubcostalis (Selvs). 

Pmulophtm subcostal is Kirbv, Cat. Odonata, p. 109: Laidlaw, 
Proc. Zool. Hoc. London, 1915, pp. 32-33. 

4 5 6 . Tampassuk, 19, viii. 18. 2 6 6* Saribas. 3 6 6 * Mt. 
Murad. 4 6 6 - Ulu Akar. 

113. Pseudoph.'EA subxodalls Lnidlaw. 

PsPAtdophim sidmotlalis Laidlaw, Proc. Zool. Sue. London, 1915, 

p. 31. 

18 6 6 ? 1 $ ?. Mt. Kinabalu, ix. 13. 

114. PsELBOPHJilA basalis Laidlaw. 

Pseiulophwa basalts Laidlaw, Proc. Zool. Hoc. London, 1915 

p. 32. 

4 6 6 * Kinabalu, 11-18. ix, 13. 
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■I he males of these four fq.vcie^ are »r lirst siehr very much 
uliku. They may he <li^erlii*iiiftie*i us follows — 

A. Opaque colouring of hinder-wing L-gins ;s i nodus or one or 
two cells before. its margin runs transverse!y across the 
wing; never a, dark subcostal band extending to the viiig- 
hase. 

And. 55 + 1 mm., li. w. 27*5 nnu. P. fr'anor 8elys, 

i>. Opaque colouring of hinder-wing begins about half-way 
between wing-base and nodus. J ts margin runs obliquely 
outwards and backwards, and is rather irregular : usually 
a 'hyaline indentation about 4-5 cells deep between M, 
and Cu . Dark band in subcostal space of all tour wings 
extending to wing-base in adult specimens, reaching the 
nodus in the tore-wing. Apex of fore-wing tipped with 
dark brown from t he middle of the pterostigma. 

Abb. 50 -f 1 nnu., h. w. 25 nun. P. #nbcostalh Selys. 

0. Opaque area of* hinder-wing begins at about two-thirds of 
the distance from the wing-base to the nodus, but area 
hrttrwit M,.g. rttxf It is alum)/* hyalin*' up io itoJa.*. Dark 
subcostal stripe not so well marked as in i\ mheostaP s. 
and scarcely indicated on the fore-wing, which also has 
much less opacity at its apex. 

Ahd. 55-j- i min., h. vr. 28-5u mm. /tsemmaW/"w Lublin w. 

I). Hinder-wing opaque from the base to apex except for tin* 
basal space, and for certain quite irregular areas which 
in some specimens occur on the wings. Postal and sub¬ 
costal spaces of fore-wing dark brown up to nodus 

A bib 55 4-1 mnu, low. 27--28 mm. I\ ha.xtdk Lnidlnw*. 

Unfortunately I do not know the females. 

These species probably all belong to the group /'. rarPaala 
(Ibimb.). The group occurs in all parts of the Sondaie area, 

115. IAseudopiu'a impa n ix.r.qriPAii (Selys). 

Paewtlophtm ottbt/tiijHir Kirby. Cat. Odonata, p. 169. 

4 o d * Ta tau. 

At most these are but a local race of the older species P, twpar 
(Selys) from Malacca and Sumatra. 

Its nearest allies seem to be /’. iliaptir (llnnib.) and P.j'mseri 
Laid law from W. India, though the relationship is not very close. 

116. Byspii/EA lugexs Selys. ■ 

Ihjsphwa l a yens Kirhv, Cat. Odonata,, p. 110. 

2 d d . Limbang River, iv. 10. 1 2 (?). Retuh. 16. v. 3 4. 

The wings of the female specimen show in light hyaline brown 
a colour-pattern identical with that, of the male. 

d . Abd. 58 nun. + 1*5 mm., h, w. 52 mm, $ . Abel, 30 mm., 
b. w. 29 mm. 1 
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117. DySPILEA LIMJiATA Solvs. 

Dysplnm limhata Kirin - , Cat. Odonnta, p. 40. 

3 d <$• Tatar. i dK Baimhi ((/. Ubsn coll. ; no date). 

The male from Baram belongs to the race snail'uiihata of Helys. 
It. is without the black costal lino between the no?! as and ptero- 
sfcigma of the fore-wing. A21 the specimens ha,re the hyaline 
parts of the wings suffused with yellow-hrown. 

c . (Baram). Abd. 34 mm. + hu nun., h.w. 30 umi. 

C . Tatan. Abd. 35 mm.-j-1*5 min., h.w. 30*5 nun. 

LiBELXjAQIX/E. 

118. Riiinocypha bjseiuata Selys. 

Rkuweypha hi serial a Kirby, Cat. Odonata, p. 113. 

Very closely related to I*, auynsta Selys from Sumatra and 
to R. perforata Perch, from Malacca and Lower Siam. The 
group is Indo-Chinese and Sondaic in distribution. 

119. It H inocyp nA kA itsciii K rugev. 

Rh/iaocypha harsehi Kruger, Stettin. Entomol. Zoitg. 1808, 
pp. <83-85 ; Laidlaw, Proc. Zool. Soc. London, 1002, p. IK). 

4 d 6 • Limbang, ix. 09. * 

The species stands alone, without, so far as I know, near allies. 
It is confined to the Sondaic area. 

120. # llfiiNOCYPHA stygia Forster. 

Rhinocypha stygia Forster, Ann. Soc*. Entomol, Brig. xlh 1807, 

pp. 210-211. 

121. ltniNOCYPUA MorLTONi Laidlaw. (Text-lig, 1, a, bp 

Rhitiorypha mmdtonl Laidia,w, Proe. Zool. Soc. London, 1915. 
p. 35. 

4 d d * 5 $ $ . Kinabalu, Sept. 1913. 

The adult female of this species resembles that of JL stygia 
Forster very closely, to judge at least by Forsters rather brief 
description. But the fully adult male is so brightly coloured 
about the body—much more so than the female—that I do not 
think it possible that stygia. which is entirely black about the 
body, can be merely a very adult specimen of the same species. 
The four males of moultoni that I have been able to examine are 
fully mature, and it is interesting to find that they retain on the 
abdomen the colour-pattern characteristic of the ten era! female, 
which is lost in the mature female. For whereas the male 
retains the paired dorsal spots of the abdomen from segment 2 
to 9 as rich orange-red marks in addition to the yellow paired 
lateral marks, these dorsal marks are entirely lost in the fully 
adult female, but are very conspicuous in newly-emerged females 
as large lemon-yellow areas covering about three-quarters of the 
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dorsum of each segment from 2 to 8 : t‘u>c*d at their 1 >.* t - *-s v, it is 
tilt 1 lateral system. ( in tin* limit-* tin* two .sono?*, dorsal and 
lateral. ill'!* fused for 1 heir whole U'li'i! ii from 2 r> >>. i Sn i l»,o 


Text-figure 1, a, h . 



!joteral view of of abdomen i»l‘ lih‘niot'npfo< i>)«uttoni. 

a. male; intinutr.re iVniiit*. 

whilst not refusing to admit tlie possibility of I*, tifytjhi being* 
the extremely adult stage of It. utattlUnti. [ do not think it at nil 
likely, ami retain here the latter species as distinct. 

1*22. IliiTxocYPTiA ere rim at a Selys. 

!thhttv'ypha ettevllafa Kirby, (fat. Odonaia. p. 114. 

h o e . Tatau. 5 C ) o . Raribas. 

An isolated species, confined apparently to Buine*). 

124. ^RniNOCYl’HA HUMERAUS Rel vs. 

Ithhwcyplm hmwvftli# Kirhy, Oaf, Odonafn, p. J 14. 

124. HIijinocy niA extmu Rolys. 

Ithinocypha f.cluua Kirhy, Cat. Odonata, p. 114, 

125. IIuinocypha sp. A. 

This .species was identified for me by Martin, lie 1ms named 
and described it in the forthcoming monograph of the Caloptery- 
gkke in the Roly sin n collection, the appearance of which has been 
very considerably delayed. As I do not wish to forestall him, I 
note here only that the species appears to me to he related to 
FdrsterVi?, aiiruhnims from Burn, and perhaps more remotely 
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:sno 

to Ah cKCidlatn Solys. i have examined a scries of specimens ( P ) 
from Lin 'Main and Tatau. 

126. Rhinocvpua sp. B. (Text-fig. 2.1 

The remarks made on the previous specks refer also to the 
present one, which appears to Be allied to R. moulfotn. 1 have 
>een 5 specimens from Mf. Until Law!, all males. 


Text-figure 2. 



Lateral view of colour-pattern of abdomen of Rhiiwn/jtha sp, B. 

[The primitive marking of the abdomen of the genus Rhino- 
Cjfpha, and perhaps of Micromerm^ is probably a series of paired 
dorsal marks, and outside these on either side a series of lateral 
markings, the latter originally possibly a. line ext ending along 
the length of the segment, but now in many eases broken up into 
anterior and posterior sptnts. 

The species winch in this paper I refer to as Rhhtoq/pha sp. A 
seems to preserve the primitive colouring to a fairly typical 
extent; this is also the case in IL mo niton i and in Bhinocifpha 
sp. JB. Other species show various modifications of the coiour- 
pattern, which, it may he noted, may be either blue, orange, red, 
or yellow* Thus, in R. cucullata for example, in the males only 
the lateral colour-marks are retained, save on segments 8 to 9, 
which have also dorsal markings. In R. aurulenius Forster 
from. Burn only the lateral marks are retained ; whilst in the 
exquisite R. iridea Selys from Burma only marks belonging to 
the dorsal series are to be seen. Lastly, in some presumably 
specialized forms—a. y., R. styyia Forster—these markings have 
disappeared altogether.] 
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1 tin (jnoslic fable J <>r a tab* of lUa'nea n ^>/vvV,s of Rhinory ph;u 

A. All f, >ur wings with opaque areas. 

a. Opaque area of hinder-wing with h valine windows, 

"■ mesothomcic triangle present . 

L Opaque area of wings without hyaline windows. 

1. Large antehumeral bine ray on thorax. 

cc.. Termimil two-fifths of wings opaque . 

>~h Terminal fourth of wings opaque. 

2. Amehumeral hand of syuthorax narrow. 
y. Terminal opaque area of wings beginning at lev ' 

of prostigma in front; posterior tibiae not dilate* 1; 
slight enlargement of posterior margin of second 

abdominal segment . 

C, Terminal two-fifths of wings opaque. Posterior 
tibia} dilated, blue on anterior surface. Marked 
enlargement of posterior margin of second abdo¬ 
minal segment .. 

II. Hinder-wings only with opaque markings. Dorsal marks 
of nbd. segments 2-8 red. 

C. No opaque markings on wings. 

1. Abdominal markings lost ..... 

2. Dorsal markings on abdomen red, lateral markings 

yellow. 

a. Apex of clypetis marked with orange-yellow. 

Lateral abdominal markings from segment 2-5 
broken into ait anterior line and posterior spot. 

The anterior line is entirely fused with the tlorsal 
mark on these segments. From *'■-& the lateral 
series L represented only by an anterior spot fused 

to the dorsal marks . 

•>. Apex of clypetis black. 

Lateral abdominal markings present a> a complete 
band of rather irregular outline on segments 2-7, 
only fused with the dor>al marks at its extreme 
base, and not at alien segments 2-3, on which 
segments the tlorsal mark is small or absent . 


127. .Rhiaoxeura YiLLOSiPES L&klhuv, 

Ithhioneara rillosipes Litivllaw. Proc. Zool. Boo. London. Ibid. 

pp. 33-35 (text-figs. 4, 5 a}. 

1 d. Mt. Kinabalu. 

Autotype in British Museum, 

128. Micromerus atteantxacus Belys. 

Jfwromerus anvanUaem Kirby, Oat. Ofionutn, p. 115. 

2 <3 6 . Limhang. 

129. Micromerus semiopacus Belys. 

Micromems semiopacus Kirby, Cat. Odonata, p. 115; Ris, Amu 
Soc. Entomol. Belg. lv. 1911, pp, 233-234 (fig, 1). 

3 d d. Lio Matu. 2 3d 1 . Liu Akar, xi. 1,4. 2 $ Lio 
Mat n't 1 


JL h(Se''i,(iti Belys. 

It., ftci'nh\'} Spivs. 
It. < : ri Selys, 

TtJiLtot'jfpfta >p. A. 

12. enenUdfn Selys. 
B. hrrsdhi Krtiger. 
71. stj/ffUi Forster. 

It, moirftmii Laidlaw. 

Bhhincitj'lia sp. R. 
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120. M ICUOMMIIUS UVAMNOS Seiys. 

Min'iuin'-rnx Kirby, < -a.t-. Odonatn, p. 1 \ 5. 

“2 J 8. 1 >a rami, x. 1910, 2 a A Taken. 2 J ,f ad., .*1 , f 

juv., 2 y f |? . Sa.ribas, 

1 2 1 . I\l ICRoMI-JlUrS stm Turns Selys. 

J/mmeercs *//V//Vc,s- Kirby, Out. Odomita, p. 1 lib 

2 a y . Titbin. 

/ncrrim mils. 

I 22. I >KVA DATTA A ROY IK >1 DOS (Kolys). 

Ihrtulfitlu Kirby, Out. Odomita, }>. 111. 

This genus serins l.o me io be not very remote in venation 
from the i4 Legion ’’ Mef/opodto/rioa. 

Leg ion M w! a ronA< i n i < >is r . 

1 22. *' I N ox mwns oiu knta rus Selys. 

Podohwlv* s* orh>alalia Kirby, Uat. Odomita, p. 12b; Kruger, 
Stettin, Kntomoh Xeitg. 181)8, pp. 1)8, 9b. 

124. IN>nonKwn3S n i nvst>mis St *1 ys. 

/ vkn/xopm Kirby, (Nit. Odomita, p. 12b. 

i cA 1 b in cop. M a ta ng ltd., 28. x. 09, 2 o' c *T. Baram, vii. 09. 
2 <{ <;?. 4th Mile, I took R<l. ? Sarawak, 21. vi, 09, 1 y. Malang 

ILL, 24. vi. 01). 

125. .1 In .in A( him on no iino on so (Selys). 

AmpIbiUmttm Immwtmx Kirby, Cat. Odomita, p, 12b; Knrseh, 
Kn toluol. Nadir. xvii, (181)1), no. lb, p. 2; Kriiger, Stettin, 
Kntoinol. Xeilg. 18h8, pp, ,127-428. 

10 J cb 2 y y , Lio Main, 4. xi. 14* I y . Kuching, 5. xi. 09, 

t( . Agrees fairly closely with the description of the type. The 
yellow mark on the dorsum of the thorax is triangular rather 
than oval, its base running quite transversely across the thorax, 
and its inner side close to the mid dorsal earina. In one specimen, 
however, the anterior margin of the triangle is distinctly oblique, 
so that* the mark becomes more nearly oval. The colouring of 
the ventral side of the thorax seems to vary with age; it is black 
in the fully adult specimens, but on the younger it is yellow with 
a smoky tinge. 

Abdomen : segments 1- 7 reddish brown, 1 with yellowish mark 
on dorsum, 2-7 with black apical ring, and 2 with pale sub- 
apical mark as well; 8, 9 white, enamelled ; t 8 with a reddish 
tinge of rather blue-white ; 10 black. 

Abd. 20 mm. 4-1 mm., h. w. 21 mm. 

$ * Head black, but with yellow median mark on post dy pens 
and yellow margins around the eyes. TYotho?ax light golden 
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brown above, paler below, with the posterior lobe whitish green. 
Thorax golden brown above, passing' to grey-white below. Tri¬ 
angular marks on the dorsum as in tin* unde. 

Abdomen: segment 1 greenish white above, pale below : seg¬ 
ments 2- 7 reddish brown, progressively darker backwards, with 
suhtorminnl grey-green rings; segments 8-10 black, 8 with 
lateral longitudinal whitish band. 

Abd 27 mm., h.w. 25 mm, 

( For generic name, see Culvert, Proc. Acad. Nat.. Set. Phila¬ 
delphia,''1913, p. 258.) 

130. ^lilllNAGIUON ELOPUR/E (Selys), 

A niphilesfes elopnrce Kirby, Cat. Odonata, p. 120. 

Legion Platycnemis. 

1 37. CcELIOC! IA OCTOGE8IMA (Selys). 

Omlicoia octogesima Kirby, Cat. Odonata, p. 128. 

1 5 . Mn.ta.ng lid., 3. i. 10 (damaged). 

138. OfELJCCiA membraNipes (Ramb.) (race nemobioola 
L aidlaw?). 

Cwlkcla new or kola Laidlaw, Journ. Straits Branch 11, Asiat. 
See. [03] p. 95 ; id., Proc. Zool. Sue. London, 1915, p. 37. 

( ■ added a 'ineiibhra/uiqm race nemoricola Laidlaw, Proc. Zool. Sow 
London, 1917, pp. 230-231. 

Common on Mt. Kinabalu. 

139. (J<ELTCG1A FLAVOSTKIATA Laid la,W. 

Qdiccia /favosiritUa Laidlaw, Proc. Zool. Soe, London, 193 7, 
pp. 223-224 (Jigs. 1, 2). 

2 (4 (4. Mt. Merinja.k, 21. v. 14. 1 c4 . Mt. Malang, 4. xii. ,13. 

Autotype in British Museum. Barat.ype in Coll. Mux. Sarawak 

and in my own collection. 

I 4(). OtELiceiA cam pion i 1 jaidlaw. 

tjaddecia mmpioni Laidlaw, Proc. Zool. Soe. London, 1917, 
pp. 224-225 (figs. 3, 4). 

1 6 . Lio Malm, 31.x. 14. 

141. 0 (Eli cot a macrostigma Laidlaw. 

(■(dieda macronth/ma Laidlaw, Proc. Zool. Soe. London, 1917, 
pp. 225 227 (figs. 5‘ 6). 

i <4 . Baram, 20. x, 10 (1 ? I 19. x. 10). 

142, CtEHcoiA nigro n a mata Laidlaw. 

(Jadiccia nigrohmnata Laidlaw, Proc. Zool. Hoc. London, 1917, 
p. 228 (figs. 7, 8). 




U1J. F, F. i jA I !>FAW ON 


| 0<Kr.Kvi \ imhcnmo’N.sim (Selysb | 
t V/n’Cer fwt'Hr.Ciisis l\ irbv, <.*; 1 1.. Odomda, p, 128. 

(See under <\ oriotfcsivHf (Selysg I j:ti«!!:t\V, SVue. Xuoh Sot*. 
J melon, f 9 i 7, jL 25 1 . ) 

145. Uoimmv atom.mma (Selys). f™(i^. 5.) 

(*oprra aloumria Kirby, Mat. Odonaha,, j>. 129. 

(See also Kriiger, SteUjn. Enlomol. Xeitg. 1898, pp. {02 107 : 
Bis, Tijdschr. v. Kutomol. Iviii. T9]r>, p, 7, sop.) 

Upper niml appendages of male n.lu>ut. one-half 1 1 *n.!»’ 1.1 i of lower 
pair. Tibia* not dilated, hi 1.!i<* adult male the thorax is bronze- 
blnok above, with ;i few irregular yellow spots repiesenting the 
:intelnimeral hand. The sides of the thorax are niold,It*<i black 
iiiid yellow, (ho 1 1 *gs art' entirely red-brown. Abdomen black, wii h 
yallow lateral markings on segments 1 anti 2 nn< 1 u basal bluish- 
white ring on segments ‘I ft. Segment 10 and upper pair of anal 
appendages while, lower pair of appendages black ; distal half 
marked wild) white dorsaliy. 


Text-figure ?». 



Protliorax ot (''riprrtt simhi from above. 

Adult. female coloured much as the mule, hut. duller. The 
posterior femora, have a row of black tints alo)»# their dorsal 
surface. The posterior thoracic margin of the female carries a 
pair of small triangular projections directed upwards anti for¬ 
wards. These are much less acute than tin* corresponding 
structures of the Sumatra,u species, ( \ actUivutrijo Kruger, 

( y, Ahd. 28 + 0*75 mm., ii, w. 17*5 mm. ¥ . Ahd. 50 mm,, 
in w. 19 mm. 

Specimens from Lio Matu seem to have been taken in com 
puny with (Jaconmra rerlimlh h Selys; at least, in many cases j 
found examples of both species papered together. 

To what extent these Bornean specimens arc to be regarded as 
distinct from other allied forms of the genus it is at present 
impossible to say. But i think it likely that a. number of forms 
of the viltata series of the genus will ultimately be ehnraeterized, 
As 1 have seen only examples of one form from .Borneo, I have 
retained for it the Selvsian name. 
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Legion Aousux. 

144. ( )nt(!Iiaiigjla atiuxjvana Selys. 

Onf/duiryki ulrocyatui Kirby, Cat. Odoua.f.a, p. Kit) ; Kruger, 
Stettin. Entomol. Zeitg. 1898, p. 118; it is. iSova. Guinea, xiii. 
Zool. 2, pp. 01-95 (lig. 13). 

1 cj . Mt. Murud, 18. xii. ]4. Very adult, lacking the hush four 
a, bdominal segments. 

115. OeUXA (iLUON CELllXORLJHELLI jM (BmUtT \ 

Cerictyriou csrii writhe! I uni Kirby, (Ja.t. ( Monata,, p. 154; Kruger, 
Stef tin. Entomol. Zeitg. 1898, pp. 119-120; ,11 is, Abli. d. 
Senekeiibei*g Naturfors. Gesellseh. xxxiv. p. 51 9 ; id., Tij<Iscin*, 
y, Entomol. Iviii. 1915, p. 15 (sup.); La id law, Hue. Indian Mus. 
xvl. part ii. p. 188. 

2d d » 4th Mile, Rock Rd., Sarawak, 30.xi.09. 3 d d . Retail, 
10. v. 14. 

146. Oeiuagrjox juslloNA Laidlaw. 

Certayriou helloim Laidlaw, Sarawak Mus. Journal, ii. 1910, 
p. 274. 

2 d d ♦ Mt. Matang, xii. 13. 1 d • Kinabalu, ix. 13. 

Ab commences before the level of Ac. "Wings in adult lightly 
tinged with yellowish brown. Excision on hind-margin of tenth 
abdominal segment A-shaped. Lower mini appendages (of male) 
a,bout twice as long as upper pair. Head orange-brown above, 
greenish white below. Prothorax and syuthurax coppery brown 
above, yellowish green below. Abdomen : first segment coppery 
brown, second to sixth carmine, seventh to tenth dull brown. 

Abd. 28'5 mm., h, w. 20 nun. 

147. PsniJDAGEIOX MJ'OROCBIMJAUJM (Ha,mb.). 

Psmdttyrton juieroeejdudmn Kirby, Oat. Odessa,tu, p. 153; Ris, 
•Supplement Entomol. no. 5, 1910, ])}». 40- 43 (figs. 13 19); 
.Laidlaw, Rce. 1ml. Mbs. xii. pp. 23-24 (lig. J); Ris, Ann. Sue. 
Entomol. Relg. 1911, p. 235. 

1 2 (damaged). 4tli Mile, Hook Rd., Sarawak. 

Dr. Ris gives a full synonymy of tins species, and a description 
of several races characterized by the shape of the anal appendage 
of the .male (Ris, Suppl. Entomol. loo, cit, ). 

The Bornean species seem to be below the average in size. 

148. PsKTJJDAOllIQN FHUINOSUM ( Burin. l. 

Psmdatjrion pruinomm Kiri>y, Gat. Odonata, p, 153; Kruger, 
•Stettin. Entomol. Zeitg. 1898, p. 119; Laidlaw, Sarawak Mils. 
Journal, ii. 1916, p. 275; Ris, Nova Guinea, xiii. Zool. 2, 
pp. 97 -98 (fig. 18). ' 
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149. A<MA(<K.ro:s iuutx ioknsk Iiis, 

Aeimjeioa hanttwn.w His, Aim. Sue, Kntonml. IVlg. HU I , 
pp. 224 2:55 (tigs. 2 2). 

L $. Tabekang, 12. v. 1-1. 

Ocean's also in Uhj Malay Peninsula. 

] 5(), A a IU( K !N MM IS KEMI NT A ('I Haller). 

Agrioeneam Jemma 'His, Supplement Kntomol. no. 2, 11)10, 
pp. 22 20 (iigs. 12, 17). 

( For Full synonymy of this species, see His, he, eit.) 

1 51 . AmiUKWKMlS uiiimseuxs Seiys. 

Argioenemir rahem-ntt Kirby, Oat, Odonata, p. 158; His, A1 > 1 1 . 
<1, Henckenberg Na.turFors. (leseliscl), x\xiv. pp. 5,10 518, 

(For this species also, consult llis's paper quoted here.) 

1, o . Malimau, 5. xi. JO. 1 . Mfc. Merinja.k, 18. v. 11. 

1 ($, 4th 'Milo, Rock ltd,, Sarawak. 

1 52. A A! IMILONE.MIS \VA LLAflKJ Scl}’S, 

Autpiuenemis imllacci Kirby, Oat. Odonata, p. 157 ; His, Aim, 
Son. Kntomol. Belg. Iv, 1911, pp. 220 227 (figs. 4, 5); Laidlaw, 
Froc. Zool. Hoc. London, 19 L2, p. 70. 

1 $ . Bamm. 

152. Aaipiiicinemts loujs.-e Laidlaw. 

Amphienomli s* Itmbnv Laidlaw, Proc, j^ool. Hoc. Loudon, 1912, 
p. 71, ph iv. figs. 5, 5 a ; 11 is, Tijdsclu*. v, Entomol. Iviii, 1915, 
pp. 12-14, 

154. AivmnoxEMis iM'jiviio m La id law. 

AmphicaetnU rmniifer Laidlaw, Journal Straits Branch H. 
Asiat. Hoc. | (>H| 1912,* pp. 90-97, pi. .fig. 4; id., Proc. Zoo). Hoc. 
London, 19i 2, p. 72, 

1 (S' Batu Lawi, 2 R d (iniperfoet). Murud, 29.xii. 14. 

155. Amhuoneaiis ma:)>iolen.k Laidlaw. 

A nipidctteram madden ee Laidlaw, Proc, Zuoh Hoc. 'London, 
1912, pp. 71-72 (pi, iv*. figs. 0, G a). 

2 (S (S . Kuching. 

150. A Mini ion kai ns mautxnx Ris. 

Anepldenemk martini IIis, Ann. Hoc. Entomol. Belg, Iv. 1911, 
pp. 227-228 (fig. (>); Laidlaw, Proc. Zool. Hoc. .London, 1912, 
pp. 72-72. 

1 cl, Li m bang. 1 <$ , Mt. Merinjak, 22. xi. 14 (both imperfect). 

And, addition, I have before me 6 $ 5 from Mvirud, 20,xi. 14, 
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and i 9 irom Ikmbang whhdi L have not identified with cer¬ 
tainty ; a,Iso a damaged female specimen from Tafcau which is 
possibly identical with .-I. y rax dir &rii ( i»’er fmin Sumatra; and, 
lastly, l 5 From Bara.m belonging to a different, and undeter¬ 
mined, species. 

I hope to pay more attention to this interesting genus when 
o p| > 01 *t imi ty o flers. 

157. Peiucnemis stictica Selys. 

Pcricnemis slicf.ica Kirby, Cat. Odonata, p. 158 ; Kruger, 
Stettin. Entomol. Zeitg. 1898, p. 158; Laidlaw, Proc. Zool. Soc, 
London, 1902, p. 886. 

1 J . Limbang (in fragments). 

158. Tktnobasis kirbvf, Laidlaw (J). (Text-tig. 4.) 

Tehiobmis kirbyi Laidlaw, Proc, Zool, Soe, London, 190*2, 
pp. 886-387. 

Teinobasis snperhct Laidlaw (nee Selys), Proc. Zool, Hoc. 
London, 1917, p, 231. 

1 J. Lio Matu, 4. xi. 14, (Specimen to be sent to British 
Museum.) 

Text-figure 4. 



Luieral view of aiutl appoiulagus of Teinohasis ku'hjti, g (rg 

M , and Ms united from their origin for the length of one cell. 
Upper branch of superior anal appendage short, about one-half 
the length of lower branch, which is nearly equal in length to the 
lower appendage, Ac lies much nearer the level of Ax a than of 
Ax r 

Mead : upper surface entirely black; the upper lip polished, 
but without metallic reflex ; lower lip grey-white; the rest of the 
under and posterior surfaces greenish white. 

Prothorax ; black above, grey-white below. 

Mj a thorax : black above, no trace of antehumeraJ stripes; dark 
grey on the sides, a little pulverulent; paler below. 

Abdomen : slender, but segments 7-10 distinctly stouter 
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than 5 <1. Bronzo-bla.rk above, brownish white below, A mil 
.appendages (see i.i»nB iig. 4) brown tipped with black. 

Ltu/s : grey-white, with black nrticuh,tions and black lines on 
tho |msterior .sm'f:irt‘s, 

Wh(-tj 8 : rubber smoky ; ptemst igam almost. sijuare, but its inner 
margin more oblajuo than its outer; bark brown, vary finely 
edged \vdth lighter colour surrounded by a. thickened black vein, 
bx 15. 

A bib 4-0 +*5 mm., Si. w, 25 nun. 

Segments 5- 0 of the abdomen measure 20-5 sum. 

(Jompuriwnn of this specimen with ltis's figures ami examina¬ 
tion with his diagnostic table (ills, Nina. Mumea, xili. Zook 2, 
pp. 100-102, lig. 22) has enabled me to determine I Sia.t ! his 
species is not sm/rrL/ Selyx, from whieh species it billers in 
its smaller size, ahsnrnv ol‘ unteimmeral stripes, a lib shape of a nal 
appendages. My species, T. h'irhi/L is unfortunately very im-• 
perfectly known, but on the whoie the present specimen would 
seem to resemble it. closely in colouring a.nb venation, a.nb it. may, 
I think, be regarded as nonspecific with it. 

151). Tmxoiusis itAdAii Lnidla-w. 

TeiiiohamH rajah Laidlaw, Jouru. Straits Branch lb A sia.t. Sou, 
[05J 1012, p. 07, 

2 d o'. Limbaug, 22. vi. 1 L 

Thorax, orange-red a,hove, with median bronze-green stripe, 

Abd, 55 nun., ft. w. 20 nun, 

Autotype 3 in British Museum. Puratype c? , coll, itis, 

100, SmNAtutiox dumum (Laidlaw). 

{'$) ilahiutu Paid law, Jouru. Straits Bra,neb lb 
Asiat. Sue. |05j PJl 2, pp. 07 08, ph, lig. 5. 

jSlmagrion dnhiaiu id,, Pror. Zook See. London, 1015, p. 5b; 
id., op, e.iL 1017, p* 251 (fig. 10), 


Legion Puoto.n hura. 

|.l propose the following arrange*meat of the Oriental species 
grouped under the Selysia.n genera. Uhfmuwettra am! (UmmiMm 
(Allmteum Selys). It is, 1 think, natural,and has the advantage 
of retaining many of the species in the original genera,; 


A, Ac hits midway between rta*i soul o.c-j, 

a . Posterior lobe oi : pruthorax of female annul with 
hook-like projections, 

«, Ah meetmg nerve descending from fjnndnlateral. 
j. Oui reaching hinder margin of wings beyond 

half the wing-length ..... 

ii. Pit, reaching hinder margin of wings before 

half the wing-length.... .... 

ft. Vestige of Ah md meeting nerve descending* 

from quadrilateral, or absent altogether . 

A Posterior lobe of prothorax of female simple* 

H. Ac lies nearly at level of a.Cj or proximal to it .. 


f 'J/hn'out tint Laid law, 
Selys, 

< ‘awtwUM Kirby, 
Imftmmmt Lnhthiw. 
llmoni'nrd Man/.. 
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Of these genera : < ■ hlorone.ora appears to hi/ confined to penin¬ 
sular India ; D is/tarn net era has a westerly range, extending from 
At’rieu to India, and Burma, and reaching its limit eastwards in 
Borneo ; (’acotwtfra, more specialized in some respects, extends 
from Burma, to Malaya, with one species in Ovlou; whilst the 
still more specialized JUxioumra is Papuan (see La id jaw, Bee. 
I ml. Mum. xiii. 1917, pp. 343-344).] 

161. Caconeura do lisa lis (Bely s). 

Cacwteam dorsalis Kirby, Gat. Odonata, p. 134. 

-Disparonenra dorsalis Laidlaw, Proc. Zool. Boe. London, 1913, 
p. 75. 

3 ' d 6 • Bmum ( CL Hose). 1 n . Mtirud, IS.xii. 14. 

162. C AC ON EU RA VERTIOALIS (Selys). 

Disparomum verticals Kirby, Cat. Odonata, p. 134; Kruger, 
Stettin. Entoinol. Zeitg. 1898, p. 114; Forster, Fuse. Malay., 
Zool. iv. Odonata, Part II., (sep.) p. 14; Laidlaw, Proc. Zoob 
Soc. London, 1913, ]>. 75. 

21 c? 6 > 3 ,$ 2 * Lio Matu, xi. 14. 2 <$ <jb 1 $ . Petuh, 14. v. 14. 

The presence of a vestige of 0u a is constant in all these 
specimens. 

163. Caconetjra hyperythra (Selys). 

fjciconmra hyperythra Kirby, Cat. Odonata, p. 134. 

Dispar on eura hyperythra Laidlaw, Proc, Zool. Soc. London, 

1913, p. 76. 

164. Oaconeura nosEi (Laidlaw), 

.'Disparonenra hosei Laidlaw, Proc. Zool. Soc. London, 1913, 
pp. 76-78. 

1 cb Baram ( 0. Hose), autotype, coll. F. F. L. 5 $ d • Lio 
Malm, 4, xi. 14. (1 $ . Coll. BriL Mms.) 

165. (Jaconepra peram<ena (Laidlaw). 

Disparonenra per a. manta Laidlaw, Proc. Zool. Hoc. ’London, 
1913, pp, 76-77 (pi. iv. iigs. 8, 8 a). 

166. # G'Aconbuiu interrupt a (Selys). 

Disparonenra hiterrnpia Kirby, Cat. Odonata, p. 134, 

167. *Cacoxeitra collaris (Selys), 

Disparonenra collaris Kirby, Cat. Odonata, p. 134, 

Disparonenra notosthjma collaris Forster, Ease. Malay,, Zool, 
iv, Odonata, Part II., (sep.) p. 13, 

* [Oaconeura lansbbroi (Selys).] 

Caconenra lanshergi Kirby, Oat, Odonata, p. 134, 

Location somewhat doubtful. 

Proc. Zoom Soc.—1920,' No* XXIII. ' '23 
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1 (»H. 'Mkvoox icmiA rjitAciLUMA (Selys). 

( 'itt'iwutfni tjraciii'nun Kirby. (odonata, p. 131. 

,1.09, (.-AOuNKl'KA MoLLToNI (Paid law). 

roHUKra wotflftmi Laidlaw, 3ourn. St-ra.il s Branch .11. Asiat. 

Hoe. | 03] 1912 , pp, iis- 99 . 

l o • BmI.u J jiiAvi, i I, v. 1 1. 

Upper Up pale yellow, with tin*.* blade iti;ugin, otherwise velvety 
Mack above, Dorsum of prothoru.x and syiilhorax blank, si lino 
yellow lateral sf.r?{ m• on t he latter, Abdomen brownish black. 

No vestige of < -u,,; (In reaches first cross-nerve after Hu* <jui*al- 
rangle in the fore-wing, the second in the hinder-wing; 
14 post-nodal eosi.als in fore-wing. 

A Ini. 34 nmi,, h, \v. 10 mm. 

1 70, * I Hspauoneuua aohantiaca Selys. 

1 tirtjHimih'Hi'a aitnudiaca Kirby, (,1a,fc. Odonata, p. 134. 

171, 1 Hsixuioxkuua anatas (Selys). 

Dtxparoiiiittra ajtalitt Kirby, Out. Odonata, p. 134; Kruger, 
Stettin. Kntomol. Zeitg. 180*8, p. Ill ; Laid law, Sarawak, Mu 8. 
Jouru. ii. no. (>, 10Id, p. 275. 

1 c? . Baram, 20. iii. 10. 1. o . Sa,ribas, 09, 1 of. Murad, 

lB.xii. 14. i. o * ■Bio Matn, l.xi. 14. 

Legion Platysticta. 

172. JiEnrANoSTHJTA uu fustic*> iA (Selys). 

Plali/Mkht' ra/onth/iiia Kirby, Oat. Odonata, p. 133 ; Laidlaw. 
Proe, Zool. Sian* London, 1913*, p. 79 (pi, iv. fig. 9). . 

(For definition of the genus J)M/Mnotttic6a, see Laidlaav, Records 
hid, Mus, xiii. part vi. p. 339 (1917).) 

173, Pkotokwta vimsicoLou Laidlaw. 

Protoaticta mwieofar Laidlaw, Proc, Zool. Sue. .Loudon, 19,13, 

pp. 78-79, 

174. PnomsTiCTA kinaBAL in5N»sis Laidlaw. 

Profmtieta Mnabaliwmts Laidlaw, Proc. Zook Sue, London, 
1915, pp, 37-38 (% 5 ,b). 

Also 1 d (imperfect), Mt. Merinjak, 20. v, 14, belonging to 
Drepanostieta, with the hinder margin of the thorax bilobed. 
Apparently an undescribed species. 


Legion Lestes. 

175. ^Lbsibs wallacbi Kirby, 

Lestes wallacei Kirby, Cat. Odonata, p. 162, 
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Lestes ftp. 

Id'- Making Till., 21, viii. 20 (lacking head and end of 
abdomen). 

Wings hyaline, l>ut with smoky tinge, most marked at apex:; 
pot: join ted up to level of Ac, which lies nearer Ax., than Ax,. 
M.j commencing 84-1) cells distal to nodus in fore-wing, t>4-7 
cells in hinder-wing. None of the sectors a.ngulose except Cu„. 
Plerostigmu. large, dilated, about four times as long as broad. 
One supplementary sector and vestige of a second interposed 
between M„ and M„. Quadrangle broad, lower side twice as long 
us upper side ; outer angle acute. 

This interesting species shows distinct affinities to the Indo- 
Chinese Orolt'sies . 

There a,re also amongst Major Moulton’s material some three 
fragmentary specimens, all Agrio nines, which are too imperfect 
to describe. They appear to he unnamed species* One is a 
Pseudagrion ; a second is either a Pseudagrion or belongs to an 
allied genus; the third I cannot refer with certainty to any 
genus, though again it may he related to Pseudagrion, 

I have omitted from the list certain common and widely-spread 
species which almost certainly occur in Borneo, but which have 
never yet been recorded from the island. These would add some 
ten species or so to the list. 

Allowing for these broken or unrecorded species, we may, I 
think, assume that the list includes from between 70 to 80 per 
cent, of the total Dragonfly fauna of the island, 

III. Pome, .Remarks ott.■ Geographical Distribution . 

Dragonflies are so important in this respect that a few notes 
are not out of place. 

It is difficult to subdivide the Oriental Region in any entirely 
satisfactory way ; but one may contrast the equatorial Dragonfly 
fauna., ranging from about the equator to roughly 10° with 
the tropical fauna, lying mainly between 10° N. and 2a° A, The 
equatorial fauna may be called the Malayan, the tropical (unless, 
indeed* that can be shown to consist of more than one fauna of 
co-ordinate importance) I label here the Indo-Chinese* 

The Malayan fauna'occupies as its main areas ;— 

i. The Soluble area.— i. <?,, the Malay Peninsula, Borneo, 
Sumatra., and Ja va, 
ii. The Philippine Islands* 

hi. The Celebes, 

Any detailed analysis of the fauna of Malaya would extend 
this paper to undue length: hence I give only a very general 
table, and prefix a so far as I'know” to the whole. 

23 * 
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TABU*: oftlirtrihiilion t>f‘ grarra fotiu'ii ill Zlnnfrn, 

i» (h.mera, eoldihed to Hnn!i‘M. 

Liiuesc/nw , .l 3 st‘{!<(<!((}'toih)ji{i >v. Mit/ltJnai>iu‘nma XVt ihtpi'itm. 

1J. GOlhTii. specially characteristic of Malaya, or confined there- 
to (several of those oceur in jndo-Ghina). 

Trl ntmtnthapjfna, A m phifcsrtma , (>rahiiht j wis. t’ornof hcmis, Mrarhp- 
m, 31 iano wrens bpspiacuu J h’t'ailaffa, /WmY,v/<s, 

Ithinai/rion, ( Antphii'tit'mis, / VWo/o/U.s\ 

J! L. Genera. of Oriental distribution. with species eotdlued io 
Sum lino area. 

OrotfOiit}>fiit> s 1 , Onj/c/iofhvwis, Mm routi>ti<t , Azama, ./.a/orm, 

Gumphulia, Imptogompiuts* MitcriHfvnipJtiift, Mivnutfam plats, litintta- 
t/om pitas, Uvh'rvjfutH pltvsA'csfalis, l\s t info}Ji(t<i, Ithiiwc-t/phit, (hi (it'citi, 

(ioj'riui. IdsfHti’tHH in'tf. 

i\\ Genera, common to Oriental and Australian Regions, with 
species confined to Bondaie area. 

ApnUnmpfvwt, jiW'itwHn nt'n\ IlntchtitH ptu.w lpn'ioihf'mis, (Amafhti a,, 
Aeittynoa, Drepantwfieht, Vwtfnslh'Ut, 

Y, Gen ora mainly Papuan or Australian, wiili species con fined 
to Boudaic area. 

Mclctpbya, Otht, Ma plasma, Tvawhasis, 

Yl. Fiilrootropical (a) or Holotropical (li) genera, with species 
coniined to Bondiac area. 

(a) Id hats, Tv! mtihnnis, Bhpoifumis, ACihrittmanfa, l\seuda<friait„ 

(UriagHon. 

(b) Ijjnuuuurflia. 

Y11, Special eases ;. 

"Hjt/hvofhvmis, Borneo, 8. liulia, Oyloii. 

Jii'lui'schita. W, Africa, Mitla.ui, Burma. 

Maenomia. PuhuntrojMVul, Pubou'utio, JSVinvtu*. 

Some negative characters showing contrast wit.li Indo-Chinese 
Province : ~« 

Absence of Ow'dnkyttiHiring relatively poor development of 
genera, of Calo'pkryyhuv and of Brachytryon series 
of sMsefaniuv. 

Relative scarcity of species of the following genera :-- 
Onychogo'mphm^ Led(% hchiturn , A grioateiim* 

Absence of Jtovidim , Anisogo-mp/ms, Cyehgomphus, Oomph as* 
Fse/udothemis , tiynqwirma^ Palpoplenm Hmmmlatu . 
Bradinopyga t Anitsoplmtga. 

Genera not mentioned in the above table have no species 
peculiar to the Bondiac area. 

# Mimvmet us lias IS Hpetsiw in Malaya; oiu\ M, t inea tits, widely spread in Imbr 
Chinese province; and tmo, M.Jimlh, in Ceylon. 
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Though more species and genera of Theroeephniians are known 
than of either of the other two large suborders of the Carnivorous 
Theiupshln.—the Uorgunopsia and the Cynodontia,—the structure 
of the skull and .skeleton, is much better known in these later 
suborders. This is largely due to the fact that the Thoro- 
eephalians are mainly found in the Lower Beaufort zones, where, 
owing to the petrological conditions, very fine complete spe¬ 
cimens are rare. The Gorgonopsiaus which are found mostly 
in the Otstecrpludns zone, and the Oynodonts which mainly occur 
in the Upper Triassic zones, are usually represented by well- 
preserved skulls with a. matrix which can be fairly easily removed. 
Recently I have been fortunate in discovering one or two very 
interesting specimens of late Theroeephalians formed in the Upper 
Jyndothtodon and Crsteepp!)«lvs zones, which add considerably to 
our knowledge of the Therocephaiian skull. 

ICTUKtSUOiirS LONGICEPS, Sp. 11UV. 

in 11)00 1 discovered near Pears ton the remains of a very 
interesting type of Therocephaiian which I described under the 
name letutosuc/ms psiuhtnis. Until recently no other specimen 
of either this genus or species has ever been discovered, and as 
the type skull is very imperfect, a good specimen of this genus has 
long been one of our principal desiderata. In December IS) 17, 
I found at Brurntjeshooytc, between Somerset East and Pearston, 
a good skull, which may be referred to the genus Ictklosucfws, 
though a. distinct species from I, prtm.a eiis. 

The skull is nearly complete, lacking only the incisor portion, 
the occipital condyle, the arches of the left side and the quadrate 
region of the right. The palate is much weathered on the left 
side, but nearly perfect on the right. 

As preserved, the skull measures in greatest length 135 mm,, 
and when complete was probably 152 mm. long. The greatest 
breadth is about 8-1 mm. From the front of the orbit to the 
base of the canine is 52 mm., and from the front of the orbit to 
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the front of tin* snout, was »jtl>1 v about 75 mm. Tim tutor 
orbital measurement is 22 miii., aml tlmaniem posterior measure 
incut of the orbit is .‘52 sum. 

The premaxilbe and scptomaxsllie ns*<» lost. Thu nasn Is are long 
and narrow, only slightly wisloi' in front ;in< 1 behind than in 
the middle region. The maxilla. is unusually long in comparison 
with its depth. It passes forwards a. considerable distance in 
advance of the canine sum! backwards much beyond the last molar, 
in front of the main canine there aro two small canines as 
in jScnlopomurus, but the present type, besides flittering very 
greatly in many other ways, differs in having the third tooth 
developed into a powerful canine. The canine hero measures 
about 1.5 mm, in height and 5 mm. in an tero-posterior length, it 
is usually curved, and is remarkable for having no serrations 
along its posterior border. The three eanines together measure 
9*5 nun. Behind tho main canine is a, diastema, of 0*5 mm. 
followed by a series of 9 small eonedike molars, the whole molar 
series measuring 25 nun. In fciidosnrhusprimin'us there a,re ap¬ 
parently only 8 molars, but as both the upper and lower jaws are 


Textdigure IT 



Side view ot skull of It'iittoxHt'hus luutfh't'jw Broom* 


badly preserved, it is not improbable that, there may also have 
been 9 in the typo species. The molars of Idulosurhus/n'huarns 
are considerably larger and closer together, huti appear to he 
otherwise similar to those of /, loup/ir/ts. 

Tim prefrontal is a relatively large lame which forms the 
{interior half of tho upper orbital margin mid extends down to 
the middle of the anterior border. The lacrimal is considerably 
less than half the size of the prefrontal, as will be seen in the 
figure given. 

The jugal is a very long slender hone forming most of the sub- 
orbital bar and about half of the outer temporal arch. A strong 
but short ascending process forms the lower half of the post- 
orbital arch, articulating with the short postorbital bar of the 
post orbital hone. 

The frontals are relatively small, am! only form a, very small 
part of the supraorbital margin. The lames are about the same 
length as the orbit, and articulate in front with the nasals by 

* Ifor explanation of lettering, we p, 35$. 
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an irregular trails verso suture, and posteriorly with the parietals 
by a, transverse .serrated suture. 

There is no postfrontal. 

The postorbital is relatively small, forming the posterior half 
of the upper orbital margin and the upper half of the postorbital 
arch. It extends backwards by the side of the parietal to the 
plane of the posterior border of the pineal foramen. 

The parietals are relatively long and slender. In front they 
are flattened out, and form a transverse suture with the frontals. 
Posteriorly they form a sharp intertemporal crest, and at the 
front of the crest is a large oval pineal foramen. From the 


Text-figure 2. 



Upper surface of skull of .1 Hidosua/nin Imuficcps Broom. 


posterior part of the crest the pari eta Is pass outwards, forming a 
considerable part of the occipital crest. 

The occiput is very imperfectly preserved. It is shallow and 
broad, and from the upper margin of the foramen magnum the 
bone passes upwards and forwards. The elements cannot he 
clearly made out, though they are doubtless as in better-known 
Tlierocephalians. The squamosal* and quadrates are lost. 

As already stated, the palate lias not been fully cleared in front 
as the matrix is required to support the teeth, but the structure 
is sufficiently revealed in all the posterior part, A. transverse 
fracture through about the plane of the third last molar shows in 
section the prevomers. Though very closely placed to each other 
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Ifliov ;u*o lio! amdivh »std, Much lias an lysronding l inn plain and 
a, short descending pinto, and {mm o;u*h h«>no a ! r.im-\orso pinto 
pusses outwards which appn*uuiios nub doubtless iurthor hack 
meet® the palatine, The palatines as seen hen' in section am 
sJoint;*!* curved hones which below meet the luaxillaries, and on 
passing inwards and then upwards again approaeh, a,ml possibly 
meet the upper borders of tin* maxillnries. 

The provomers extend bn.okwa.rds a considerable distance 
behind the plant 4 of the Iasi molars a, ml meet the .‘Ulterior ends of 
the pterygoids. The palatines form the greater pa,rt- of the bony 
roof of the month, passing about ns far hack as the posterior end 


Text-ligure d. 



I'ulalai Ktiriure of skull of h*f tdtmtr/ma fontfh'ijw broom. 


of the maxilla. There is behind the palatine a. large suburb! ta I 
vacuity as in Mci/ltwosutirm, and, as in that, genus, this vacuity is 
bounded externally by the ectopterygoid. The eetopterygoid is 
moderately slender, but in front of the pterygoid process which 
lies along the inner side of the mandibles it has a well-developed 
descending process, which adds much support to the pterygoid 
process. 

The pterygoid is fairly similar to that already described and 
figured by me in Seylacosau.ritH, and possibly some of the apparent 
differences may lie due to certain features being preserved in the 
present specimen which 'were lost in the other. A* in most 
primitive reptile®, there is an anterior process which, passing 
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inside of tin* palatine, mets the prevomer; an outer descending 
process which forms the posterior border of the suborbilal vacuity 
and has a, long articulation with the ectopterygoid ; and a, long 
posterior process, the inner part of which apparently articulates 
with the basisphtmoid, and the outer branch of which doubtless 
passes buck to meet the quadrate. Though the posterior process 
is almost perfectly preserved, as the quadrate is lost the mode of 
articulation is not seen. An interesting [joint about the ptery¬ 
goid is that there are no teeth oil it. Sear the posterior part of 
the {Ulterior palatine process there is in the middle line a 
prominent median spur formed by the two bones meeting, ami 
immediately behind this is a moderately large median vacuity. 
At the inner end of the outer process is a. well-marked descending 
spur, the exact length of which is unknown ns it is broken off 
near the base. 

Above the outer branch of the posterior process is seen the 
well-developed epipterygoid. This differs from that figured by 
me in Scylacasanrus (Phil. Trans, 1915) in having a shorter and 
broader upper portion and a differently shaped basal, which lies in 
the pterygoid as seen in the figure given. 

The basicranial region is too much weathered to be worth 
describing in detail. 

Alopjbcopsis atavijs, gen. et sp. nov. 

This new genus and species is founded on a nearly complete 
skull discovered hy me at New Eethesda, and it is of much 
importance as revealing another new type of Therocephaliau. 


Text-figure 4. 



Si tic; view of skull of JJupevop&is utavus Broom. 


The specimen is in rather indurated shale, and as the bone is 
more friable than the matrix, complete development is difficult, 
and it has been considered advisable to leave a fair amount of 
matrix on the specimen. Enough has, however, been undertaken 
to show most details of the structure. The whole of the right 
side of the skull is preserved except a part of the quadrate and 
squamosal regions, and the right mandible is in position. The 
left side has lost the greater part of the jugal and squamosal, 
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010 1 hilt' le if. mandible has b«M*u eomplctt*i v detached nin 1 lust, 
before fossilise tion. 

The skull as preserved measures .11)8 linn, and was probably 
about. 202 nun. in greatest length. The greetest width across 
thu squamosa Is has been about DO nmn From the front' of 
the snout, to tin* front', of tin* orbit is DO non. The greatest 
width of thu snout in thu canine region is 4mm., and thu 
narrowest measurement between the supraorbital edges is DO mm. 

The premaxi,Ha. is relatively small, and is much overlapped, by 
the maxilla,. .It sends upwards between tin* nostrils a slender 
internasal process to meet the nasal above. Most of the teeth 
are lost, hut portions of three are stil seen, and from the sockets 
the number and size of all can be determined. There is evidence 
of six incisors, ol which the Oth is very small. The whole six 
measure 24 nun. At the front end of the premaxilla are two 
moderately Urge foramina for branches of sensory nerve- - 
presumably a. branch of the second division of the Vth. 

The sept.oma.xilhi lies along the outer border of the nostril, and 
fiasses backwards a, short distance between the nasal and maxilla. 
Between the septoinaxilla and maxilla there is, as in other 
previously known early carnivorous Thcrapsids, a, large fora,men, 
tlm significance of which is at present unknown. In most betel 
mamma,Is there is a, large,* gland duct developed along the outer 
side of the nasal cavity, which from its very early development is 
evidently the- remains of some structure once of much greater 
importance, it seems not improbable that this large foramen, 
which passes into the nasal cavity between the septoinaxilla, and 
maxilla, and is continued as a, wide groove for some distance 
upwards and backwards along the upper border of the maxilla, 
was for the lodgmentof tin* glandular and possibly sensory organ 
whose rudiment is met with in most mammals. 

The nasal is long and narrow, but broader at each end than in 
the middle. The shape and re,lotions will he best understood 
from the figures given. 

The maxilla, is a powerfully developed bom* of considerable 
depth. There is a single large canine which unfortunately is not 
well preserved on either side. In front of the elevation which 
accommodates the root of the canine, tho maxilla, overlaps the 
premaxilla, as in most Therocej haliams and in the anterior part, 
of the bone are three fairly large foramina, presumably for 
branches of the Vth nerve. In the canine region the surface of 
the hone is considerably pitted, probably by glands in the skin, 
and there are a number of small openings, apparently for nerves. 
The maxillary branch of the Vth nerve apparently passes into 
the.maxilla by a largo foramen on the inner side of the bone 
behind the canine, and passing forwards outside the canine, comes 
to the surface through the numerous small foramina in the 
front of the bone. Behind the canine there is a long slender 
alveolar margin, which is remarkable in having no trace of molar 
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tcul h. In. many skulls \\ 1 1 <*.u no molars are found we suspect 
tJmu they may have boon lost, but. Imre this can hardly be the 
cas<n Both maxilla* air well preserved and the dentary as well, 
vet in none of the three bones is there any trace of molars. 
Further, the alveolar margin is narrow and sharp, and would be 
much too slender for the accommodation of molars large enough 
to be serviceable to an animal of the size. 

The lacrimal is fairly large, and forms a considerable part or 
the 'facial surface, which is very smooth. 

The prefrontal forms the anterior and upper quarter of the 
orbital margin. It meets the frontal, nasal, maxilla, and 
lacrimal bones. 

The froutais are relatively small, and the two form most of the 


Text-tigure 5. 



lfpj Ufr surfam of skull of Jiopm'iqms <ttaiuut Broom. 

Mi.4it.lv col ion. vo intemrbih.l Hurf.«». J« front each has a short 
articulation with the «..«.! aii.l « much longer ohli.jnearticulation 
with the prefrontal, anti as the prefrontal nearly extends hoc k- 
wards to the postorbital the fwnt.il only forms a very small part 
of the orbital margin. . Posteriorly the frontal has a long articu- 
Jon with the post.orbital, ami «■ short mterdigitatmg suture 
with the parietal mainly hidden by the postorbital. 

There is no postfrontal. 

The postorhital is a peculiarly twisted hone. Its inner end 
lies against the narrow parietal crest, and from tins, passing 
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directed mainly anlmai-postcriorly. Tin* posterior two incisors 
arc more rounded. 

The sepbomuxiharv is largo, and forms the lower border of the 
nostril, hub does nob extend far hark wards between the nasal and 
the maxilla. The foramen, usually present between the sopto- 
maxilla, and maxilla, is snail 1. 

The nasal hones is exceptionally la,rye and hroa.d. In front it is 
crushed down on the nostrils and tins details of structure cannot 
he made out, but doubtless the arrangement is similar to that in 
typical Thrroeephalians. "Posteriorly tins nasal meets the frontal 
a, .kittle in front of the ]dane through the centre of the orbit. 
The shape of the bone will be best, understood from the iigurc. 

The maxilla is a short but powerful hone. It overlaps the pro- 
maxilla to between the roots of the 3rd and 4th incisors. It has 
oms large canine which measures 2<J mm. x 12 mm. Behind the 
canine only a, very small part of the maxilla, shows on the palatal 
aspect, and in the specimen there a,re no tooth, hut on each side 
there are indications of two old sockets with a possible third very 
small one ; and I think we may assume that there wore three 
molars, of which the 3rd was small. The three would measure 
about ID mm. The upper dental formula- would thus bo i,' ! , e. 1 , ml 1 

The prefrontal is relatively small, and wedged in between the 
nasal and, frontal above and the maxilla ami lacrimal below. 

The lacrimal is slightly larger than the prefrontal, and it forms 
most of the front of the orbit. Near the middle of the bone and 
on the orbital margin is a well-developed bony boss, and on the 
inner side of this and near its upper end is a large lacrimal 
foramen. 

Very little of the jugal is preserved, but the part underneath 
the orbit forms with the maxilla- a-very deep and powerful sub¬ 
orbital arch. 

The frontnls are large and wide, as seen in the figure. 

There is no postfrontal. The pustorhitat lies on the frontal 
and parietal. 

The parietal crest is narrow a,s in typical Theroeeplmlians, but 
the pineal foramen is rudimentary. 

The palate is beautifully preserved and remarkably int eresting. 
The palatal portion of the premaxi 11 aries has not been displayed 
as the matrix, is required to support the fragmentary incisors. 

The prevomers form a large part of the bony roof of the mouth. 
In front they are anchylosed and form a. wide plate between the 
internal naves. At the back part of the mires they are much 
constricted, hut beyond this widen out again into a fan-shaped 
structure which lies between the palatines and meets the ptery¬ 
goids. In this back part a median suture between the two 
prevomers is very distinctly seen. 

The palatine is a large and powerful bone. Externally it lias 
a long articulation with tbe maxilla, and here the palatine is so 
thickened that it forms more of tbe wide alveolar surface than 
does tbe maxilla. In front and nearly on the plane of the back of 
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the canine, where the maxilla, passes up to form the vault of the 
palate, the palatine lies closely against the maxilla except where 
there is a large fora,men, presumably for a nerve. .1 laugh ton 
figures two foramina in a corresponding structure in Ak'nlo- 
griathns* Near the middle of the palatine is an oblique ridge, 
which probably supported a soft palate and carried the internal 
naves hack to the anterior pterygoid region. The inner side of 
the palatine articulates with the prevomer and the pterygoid. 
The greater part of the posterior border forms the margin of the 
suborbital vacuity. Further out is a moderatedy large articulation 
with the ectopterygoid. 

The ectopterygoid is an irregularly shaped bone, not unlike a 
bird's quadrate. Anteriorly it articulates with the palatine; 
externally with the maxilla and probably with the jugal, Be¬ 
tween the maxilla and the ectopterygoid is a small foramen. 
Posteriorly there is a large flat articulation between the ecto¬ 
pterygoid and the pterygoid. In front of the pterygoid process 
there is an even larger ectopterygoid process. All the outer side 


Text-figure 8. 



Pah to of JCottvhorkiiins hitch i ay i Krooni. 

of the suborbital vacuity is formed by the ectopterygoid and 
much of the posterior. 

Only the anterior portions of the pterygoids are preserved. 
From the broad deep lateral portions which articulate with the 
ectopterygolds they pass forward only a comparatively short 
distance to meet the prevomers and the palatines. In this region 
each pterygoid sends down a thin vertical plate, which, uniting 
with its neighbour, forms a median keel. 

In general structure the palate agrees more closely with that in 
Akidognathus , though the proportions of the bones are very 
different. In Ahidognathus the prevomers have, as in Moscho - 
rhinusj a suture between them, and yet are anchylosed in front. 
Moschorhinus differs in having no interpterygoid vacuity so far 
as can be seen in the specimen. If one be present, it must be 
much further back than in Ahidognathus* 



JHi. u. moon on .some nuw 


There is another palate receufh discm ercd w ith which a 
comparison may ho made- viz.. Whailwu pint //a ps. Tins new t\ pe 
was recently descri bed hy .11 alight on. and though it- differs greal iy 
from JlosrfwrJtiituts. I he snout 1ms so in noli supcriieial resemblance 
that a comparison seems advisable, i*vc*u if only to clearly <liilVrc-n- 
tiate the types. Wltaihua is a, large Thereceplmliaw - one of the 
largest known. Jt. lias a. broad Hat snout, and if it were not for 
the great difference in the palate*, one might ho inclined to think 
that ^loschorhhi'tiK was a. near ally. Further, in the type of 
Whaitsia the number of incisors cannot; he made out, though 
there are four in what is regarded as a. co-type. The pilule, 
however, is so very unlike i hat of any form previously known 


Text-figure 9. 



hiugnun of palate of IVfutttsht platj/veps Haa^liton. 


that Mr, Houghton very wisely puts T Vhaikla in a new family— 
the Whaitsidian 

Mr. Ha.ughton has given an excellent description of the type 
and a figure of both upper and lower sides. The description he 
1ms given is so accurate that little need he added to it, .But t he 
figure he gives of the palate is not very clear, and a new and 
independent figure of this unique palate may not he regarded as 
superfluous. 

If the palate, as I figure it, he compared with that of Moscho- 
rlmms y it will be seen to dither in only two important points. 
The snhorhital vacuity, which in all typical Theroeephaliai.s is 
large, is here practically (dosed, and the hack part of the palate is 
thus made to resemble slightly that of the Gorgonopsia, In 
front, instead of there being a pair of large openings as in all 
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other known Therocephaliaus, there are four openings. If the 
anterior part of the palate he compared with that in J loscho- 
rh'ums , if will he seen that the. difference is that the anterior ends 
of tine p.-tlatinos piss inwards, and meet the prevomers dividing 
what were large internal naves into anterior and posterior 
portions-—the posterior alone being, as Haughton has suggested, 
the internal na,res. What has happened is exactly comparable to 
what has happened with the external nares in Chauueleon , where 
the original opening becomes divided into two by the prefrontal 
passing forwards. 

Haughton discusses the affinities of Whaitsia with There- 
cephalians, (\ orgonopsia,ns, and Oynodontx, and inclines to regard 
iti as a, highly specialised (lorgonopsian, hut it seems to me that 
it is a- true but aberrant Therocephalian. 

References to lettering . 

Ant/. Angular ; JB.O. Busioeeipitul ; JB.&. Basisphenoid ; Bent. Dentary; 
Be, P. Metopfcer.ygoid •)]* Transpiduline ; Fp.P. Epiptervgoid ; Fr. Frontal; Ju, 
Jugal; Jf.r. Maxilla; S<t. Nasal; OpU. Opisthotic or Puroecipital; Pa. Parietal; 
Pal, Palatine ; Pune. Premaxilla; PrF. Prefrontal; Po(>. Postorbital ; Pi. 
Pterygoid; P.Vo, Prevomer; Unix. Septomaxilhi; Squamosal; 1'o—Pa.ti. 
Vomer— Parasphenoid, 


Pro:e Zoom Boa—1920, No. XXIV 24 





ON CHAI/ICuTIIEROJDJ:A FltOM I i A J A J C 131 ST A N * 


357 


11*. (halieotlmroidoa, from Baluchistan. By 4h Forster- 
Ooopfr, ALA.., F.Z.S., Superintendent of the Uni¬ 
versity iYI.useum of Zoology, faun bridge. 

[Received April 10, 1920: Read May 11. 1020.] 

(Plate r.® and Text-figures 1-7.) 

I >i*. Pilgrim, in his report f on the fossil vertebrate fauna of 
the Bugti 11 ills, has described two forms of (Jhalieotheres, of which 
the smaller is represented by material too fragmentary to be 
named, while to the larger lie has given generic rank with the 
name of Phjllotillon naric.m. 

My own collections have produced a. small amount of further 
material for study, fragmentary and in some cases much worn, 
but sufficient', to add in some points to our knowledge of these 
two forms, 

Holland and Peterson t i* 1 their very complete memoir on 
Morofms elatas and the osteology of the Chalieotheroidea have 
taken exception to the creation by Dr. Pilgrim of a separate 
genus for bis species, Phylloiillon narictm. This objection is 
reasonable, seeing that the chief character on which the genus 
is founded is one which occurs in other genera of (Jhalieotheres, 
Dr. Pilgrim states § that a the difference is particularly well 
shown in thy structure of the upper premolars. . . . An unworn 
specimen of pm. 3 .... shows that the huge inner cusp was 
united to the oetoloph by a double instead of a single crest.” 
This statement, as Holland and Peterson point out, is open to 
alternative interpretations—viz., either that there is a crest 
running from each side of the inner cusp to the eetolopb, or that 
each crest, is double. 

The former interpretation represents the actual condition of 
the tooth, and is the moaning Dr. Pilgrim wished to convey ||, As 
this condition is found in Jforopm it loses its value as a generic 
character. On the other hand, to judge from Deperefc’s figure of 
Jfaerotherifiiii, yrande the fourth premolar does appear to differ 
in the arrangement of the crests from that of the Bugti specimens 
in that the anterior crest seems less developed in M> grande, in 
which form the anterior external cusp is a, separate rounded 
hillock. Gaudryh figure of SeJdzolkermm modicum shows both 

# For explanation of the Plate, see p. 366. 

f Roe, bool. Suit. Iu«k xl. p. 67, and Mm. Geol, Suit. Ind, n. s. vol. iv. Mem. 2, 

p. 88. 

| Menu Carnegie Mus. vol, iit no. 2,1918. 

§ Mem, loc. eit, p, 38. 

|j I had the opportunity of consulting Dr. Pilgrim on this point during: a short 
visit made bv him to Cambridge, and have his authority for makinar this statement. 

Arch, du Mus. d’Hist. Nat. de Lyon, xol. v. 1892, pi. iii. %. 3. 

■ 24 * 
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ridge*, I*iit* the anterior seems to Ik* weaker than the posterior, 
while. tJit* preceding premolars seem to have no anterior ridges. 
Ohttlh'-olJwrlnw- s/m/eaxc is like. Srft i::nllt<'ritnit in this respect, 
accordiii;j;' to l«\aSconer’s figures in the 4 haune, Aut>i«jutv Sivalensisf 
plate lxxx. 

There, are other difl'cronees from MarroUtvrhun in the shape of 
the various tooth, so tint there are some grounds 1’or hr. Pilgrim's 
separating them. 

Whether or not the Ihigti specimens can he placed in any 
other described genus is even more diilieult to decide. Our com¬ 
bined material is scanty and none too well preserved, so that 
many elm.mid.ors remain unknown or a t best uncertain, and for 
the present it seems useful to retain the generic name of 
Pfi't/llolilloit , 

The material forming the basis of the present description 
consists of 

L. A series of upper teotlp pin. in. I ‘2, much worn hut 
giving the outline and general shapes of the teeth. 

2. A moderately worn third and fourth upper promolar, 

d. Throe separate upper molars. 

4. A fourth upper premolar only a little worn. 

5. lAugmentayv lower molars and Iowan* jaws, sullieient when 

combined to give an outline of the middle portion of 
the mandible, 

(>. Home separate toe hones. 

The iirst and second specimens (text-fig, I) supplement Dr. Til- 
grinds figure * in giving a. better preserved shape of pin. 3 and 


Text-figure 1. 



in adding the shape of the. second molar. The third premolar as 
well as the fourth (this outline filled in from the second specimen) 
have, roughly speaking, a square outline; the anterior outside 
border is produced into a somewhat prominent style, more pro¬ 
nounced than in Macrot/wrmm and to much the same degree as 
in Moropm. In proportions the teeth differ from other described 

^ Mein. foe . oil. |4. xit fig 1 , 2. 
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forms in the greater approximation of the length and breadth, 
being square rather tlmn transversely elongated. 

The upper figure in Plate l, represents the fourth upper 
preinolar in a, slightly worn condition, and illustrates the two 
ridges described by Pilgrim ; in the centro-interna] cusp and 
broad internal cingulum it shows features characteristic of all 
Ohalieotheroids. 

The molars are all elongated, and in this respect differ from 
those of Mncrolhwhnii, where they are all square, and from Xesiori- 
therimn and CircofJuv'km, where the molars change from square 
in the front one to elongate in the third. They agree best with 
those of JforopifS) hut carry the elongation to a still greater 
degree, and represent the greatest modification in this respect. 

The lower figure in Plate 1. shows two right tipper molars just 
erupted, only the posterior half of the second being preserved. 
The condition of this fragment is excellent. In shape and in 
pattern they resemble Deperet’s figures * of the milk teeth of 
Jlacrotberiuw and also those figured by Pilgrim for this species f, 
They are, however, in all probability the permanent second and 
third molars, being considerably larger than the measurements of 
the milk teeth given by Pilgrim—?*. e., the third molar is 48 mm. 
long and 30 nun. wide in the front half as against 40 mm. and 
31 nun. The only [joints in which these teeth differ from 
Pilgrim’s description of his specimen are that here the whole 
external surface of the metacone —i e. ? from mesosfyle to 
metastyle—is considerably smaller in the third molar than in the 
second, ami that faint ribs are present on the external surface of 
the metacone of the second tooth and quite absent on that of the 
third. A corresponding rib, rather more clearly marked, is 
present on the parneone external surface of the third molar, 
and presumably would he found in the other molars. These ribs 
are not shown in Deperet’s ligures J, and in Holland and Peterson’s 
figures of J foropns the}" are shown only on the protocones of 
all three molars, where, however, they appear to he strongly 
marked. 

Text-fig. 2 shows the outline of one of the fragments of mandible 
which has the-socket for three incisors, or the second and third 
incisor and a canine—all apparently small-rooted teeth—-and the 
whole premolar-molar series except the last half of the third 
molar. This is continued by another fragment (the dotted outline 
in the figure) with the third and the second half of the second 
molar, .As these fragments coincide in size they may be con¬ 
sidered as belonging to the same species. 

The mandible thus reconstructed shows certain peculiarities. 
Compared with the best-known Chalicothere' (Moropus elatus), as 
figured by Holland and Peterson §, it has a much flatter lower 

* Loc. cit* pi. Hi. figs. 4 & 5, 
t Mem. pi. xii. fig. 3. 

If Loc. cit. 

' ■ § Loc, cit. pi. Jib 
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Punier Mild is without, the swelling umlcr tin- anterior pro- 
molar. There is evidence, however, of a similar swelling further 
forward, which in this jaw is just under the mental foramen. 
This point marks the beginning of the symphysis, am! the lower 
bonier in the region just behind the symphysis is sharp and 
ridge-like. There is apparently only one mental foramen instead 
uf several, hut it is much larger in proportion than those of 
)[, <htm, The diastema, between the incisor and anterior 
premolar is small (circa, 2b mm.), and the latter I noth seems in 
have been very much induced in size. The jaw is about half the 
longtli of M, elal'iiv , while the teeth are nearly as big, so that 


Text-figure 2, 



Phifllotillon ntirim, Knignioiil of inmiilibb with dotted outline uf another 
fragment in continuation. X J. 

the proportions are entirely different.. The hinder part of the 
jaw is not known, hut in the fragments at hand there is no sign 
of a downwardly* turned angle, though Pilgrims iigure* suggests 
a slight one, 

The flat lower border is a point of difference from Macro- 
thrhm rhodmhm and other forms in which this feature is 
known, while the shortening of the anterior part is a, point in 
common with M, rlmlamam and Chalkothmim umlmm. 

The subjoined measurements show that, tlm animal occurred in 
two sizes, which possibly represents a sexual difference;— 


* hoc. eii, pi. xii. fig, be, 
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A few toe hones found in the.se deposits are noticed at the end 
of this paper. They show certain characters of interest, but as 
they may he the smaller toes of this species or the larger ones of 
the following, they are of no specific value. 

The main characters of this form may be summarised as 
follows 

Dentition ~ | or jy pm. d], m, g. Upper premokrs square. 

Lower pm. 2 small (pm. 1 absent above and below), pm, 3 & 4 
elongate. All molars elongate, especially the second. Lower 
border of lower ja.w unusually lint; one. mental foramen. Jaw in 
section rather flat outside and slightly convex inside. Moderate 
diastema in front of anterior lower premolar. There is thus a 
mixture of various generic characters, the balance, perhaps, 
favouring a, general resemblance to M or opus, The form is at 
present insufficiently known, but there is enough to warrant the 
retention of Dr. Pilgrim’s genetic name until further material is 
discovered. 
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Pilgrim also mentions the presence of a smaller form in those' 
deposits, indicated by some frngmenls too much worn for accurate 
(Inscription. In the present collection are two unworn and per 
fectly preserved upj>er molars (Pinto 1., central iigurc) of an 
animal much smaller than those. 1 ! of the species just described, 
and which nm.y belong to Pilgrims undescrihed species although 
even a shade smaller than t.hejatter. 

The smaller size of these teeth suggests at. first that, they are 
milk teeth, but. there are certain arguments against this view, 
which is not adopted here. The specimen fortunately has just, 
enough of the anterior part, on the zygomatic arch to show the 
relative position of the teeth in the maxilla, (textlig. 3). A 
reference to Holland and Peterson's figure* shows that, in the 


Text- figure 3. 



Mhotfmriim ? '/rittfrimi, 1st and 2nd uppm- molars in side view, slimviiiK tlieir 
position relative to the zygomatic suvln The position of the autorhitul loraiuon 
is miidud with an #. Nut, size. Typu-apwimain 

milk and permanent molars of Moro/ms the last milk tooth lies 
well in front of the anterior root of the maxillary process of the 
zygoma., the first molar under the root of this process, and 
the second under its posterior border. If the present specimen 
is grown in a similar way, it supports the view that the teeth a,re 
the first two true molars. The anterior tooth is slightly worn, the 
second only just erupted. Beneath them there are cavities without 
trace of successional teeth and too small to allow of them. The 
teeth being fully formed and practically in wear, the germs of the 
succeeding teeth would have been comparatively well developed. 

Moreover, of two fragments of lower jaws one has the last milk 
molar fairly well worn and the front part of the first lower molar 
just erupted. One side of this specimen has been ground away, 
and the section (text-fig. 4) shows the last milk molar with the 

# Loi\ cit . pi. H. %.s. 1-2. 
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section of the edge of the permanent succeeding’ tooth below it; 
there is no germ below the next tooth, whose roots are much 
larger and straighten. This tooth tits the front tooth of the two 
upper molars mentioned above. 

A second specimen shows two lower molars well worn, of which 
the first is about the same size as the first true molars of the 
previous specimen. The fragment is broken away underneath, 
and the roots show that they belong undoubtedly to permanent, 
teeth, 

Text-figure 4. 



Sclnzotherinm ? fiUjriml. Fragment of lower jaw with last deciduous tooth and 
1st true molar. One side of the specimen is ground away, showing the edge of 
the germ of the 4th premolar, marked with an «, The anterior root of the 
deciduous tooth is in section, the level of the posterior root not being quite 
readied by the grinding. The stout front root of the 1st molar is in section, the 
posterior is partly in section and partly a cavity: L e. the lower half, where the 
root has fallen out. Nat. size. 

The upper dentition being the best preserved is here made the 
type-specimen of the species. 

Measurements (in millimetres) 


Upper molars. 

Type-specimen. 

1st molar. 2nd molar. 


Length .... 

21 

25 


Breadth, front half 

. 20 

24 


„ second half.. 

20 

23 


Lower molars. 

1st. 2nd. ; 

1st. 

2nd. 

Length... 

18 - 

18 

22 

Breadth, front half... 

10 — 

10 

12 

„ second half,.. 

? — 

11 

12 

Figured specimen (text-fig. 4). 

Second specimen 


The upper molars are square, and resemble those of Behizo- 
therium modicum in size as well as in shape. The attribution of 
the present species to the genus is tentative. 
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Timm is yH. another specimen of :i lowoi jaw with a much 
worn lirsii molar ami roots of Mu* last promolar ami second and 
third molars. Tin* first molar is 22 mm. long and about 12 mm. 
broad, and is therefore larger than the oMmr specimens. Ida* 
lowor border of iho jaw is extremely straight, as in PhtflhdUhn 
aarh^m. In size it snouts to oorrospoml with Pilgrim's unnamed 
fragment. Whether ii represents a. sexual difference from 
Mtfcuthi'rlff ih piitjriml or yob a third species romains unsolved. 


Text- figure 5. 



r Matucjirpal or metiitnrMa! of a OlmhVefcliemid. Nat. size. 

Until the anatomy of these animals, and indeed of all (dhalico- 
thorns with tin* exception of Moropttx, is hotter known, it is 
impossible to foot sum of thou* generic position. A good dual 
of interest lies in the condition of iho foot and iho gradual loss of 
Iho first a,nd lifth toes, According to Holland and Peterson 
both should ho present in dhe fore foot of tho HdiLzolhermiw* In 
the present. collection am several phalanges and one bone which 
may he a, lateral podial (text-dig. f)); it is just possible that it 
may represent, a. fifth metacarpal or tarsal. Of the phalanges 
three out. of six show tho cm-ossification of the proximal and 
median (textdig. 6), which was evidently a. common feature, as 
Holland and Peterson describe it in J foropm. The free proximal 
phalanges all show strongly-marked tubercles on the posterior 
faces (text-fig. 7) for the flexor attachments, Some of the 
fused: bones show this feature, but to a less degree. They are 
not to be found in corresponding tones of Macroiherium or 

* cU. p. 201, 
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(>haUcoiheriU'in in tlie British Museum collection, nor have they 
been noted or figured elsewhere. It. is not possible at present to 
assign these bones to one or other of the Baluchi species. 

Text-figure 0. 



Co-ossified proximal and median phalanges of a Chalicotherokl, 
lateral surface. X &. 

Text-figure 7. 


Median phalanx of a Ohalieotheroid, posterior surface showing 
the two tubercles. X 

It is interesting to note that while remains of Anthraeotheres 
and .Rhinoceroses of all kinds are very abundant in the Dera 
Bugti deposits, Ghalieothere remains are here, as elsewhere, 
extremely rare. Tliey seem to have been of solitary as well as 
of strange habits, though recent discoveries seem to point to 
M or opus having been to some extent gregarious, 

iVo^.-The specimens mentioned in this paper together with 
all the other Ohalicothere material from Baluchistan have been 
added to the British Museum collections. 
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KXPLANATION OF 1‘LATK L 
PlM’BU Fi<;urk. 

Pk(/Uofilh>u mricus. It 1 1 uppur proinolar. Nut.. sizo. 

Lower Fkhjrh. 

Phiflhitllhm mricits\ ,'h'il uppur molar ntul part of 2ml. Nut. size. 
Central Figure. 

Schizotherium r pihfrUni. 1st Mini 2nd upptu* molars. Nut. size; typy-spi'diium. 
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20, Fauna ot Westem Australia.—III, F urther < Contributions 
to the Study of the Onvchophora. The Anatomy and 
Systematic Position ot* West Australian Peripatoides, 
with an account of certain histological details of general 
importance in the study of Peripatus, By Wit. J, 
Dakin, I). Sc., F.Z.S., F.L.S., Professor of Biology, 
University of Western Australia. 

[Received March 16, 1920: Read May 11, 1920.] 

(Plates L-V*) 

INTRODUCTION. 

There are yet many details of interest in the structure of 
Peripatus which remain problematic. The histology of the eye 
and the structure of the tracheae may be cited as examples ; 
whilst even the presence of'cilia, an unusual character for an 
arthropod, has been doubted by some histologists. 

In addition to general features, such as the above, there is 
always the consideration that the anatomy of the different species 
of Peripatus should be thoroughly well known, especially as in 
many places there is a tendency for the advance of civilisation 
and closer settlement to drive this somewhat rare animal to 
extinction. It has been comparatively easy in Western Australia 
for the author to procure specimens of this interesting group of 
arthropods and the facilities for examining specimens being so 
to speak on the spot, there seemed a likelihood that a close study 
would reveal something new regarding the West Australian 
species at least. Further support was lent to this view by reason 
of the fact that, one West Australian species, the first to be 
discovered, had only been collected once many years ago, and was 
very briefly and quite insufficiently described. Practically no 
details of the anatomy were known. 

In all, three species of Peripatus—or, perhaps more correctly, 
Peripatoides —have been recorded from Western Australia, 
namely— 

L Peripatus leuckarti , var. occidentals Fletcher, syn. Peri- 
■pari)ides occidentals Dendy. 

2. Peripatoides yilesii Spencer. 

3. Peripatoides woodwardi Bouvier. 

Of these three, Peripatoides occidentals was the first to be 
collected. It was discovered about 160 miles south of Perth, at 

* For explanation of the Platen, ace p, 3S8, 
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Bridgetown, by a, Mr. Lea, and named by Fletcher (Broe. Lisin. 
Hoc. N.H.W, iSUT) {) x.). Twelve years later, IVripafus was 
found in another locality much farther north, in tin* hills at 
Armadale, only a,bout 1.8 miles Front Berth. Specimens of these 
col led<ed by Mr. II. M. Biles were sent to Professor Baldwin 
Spencer. lit:? found thorn to belong to a now species, and in a 
short paper, published (12) in 11101), named if P. (j!l«,si/ after the 
collector. Specimens of the supposed third species had been 
collected four years hi‘Fore this, in IbOfi, by a. Berman 

Expedition (Tin? Hamburg ICxped.oF M ieha.elsen and Ila.rUneyer), 
Haw were a,iso collertetl lu'ar IVrth and in the bids. These 
specimens were sent to Bouvier, who wrote a diet-ailed description 
of the. anatomy and discussed the relationships of the species to 
other known Australian forms. Bouvier’s paper (3) appeared in 
11)01), the saints year in which Spencer’s description of P, (files!! 
was published. The supposed occurrence of two species in the 
same district and the fact that, both descriptions appeared in 
the sanu? year aroused 1 he curiosity of the present author, ami 
the result of his investigations (see I Toe. Zool. Sue. London, 
June 11)14) confirmed his suspicions, f*nrijw.toitfex woodward! 
and Peripa-Udde* gilmti turned out to be one and the same species, 
and since Spencer's description was published some months before 
Bouvier s paper, the name i\ (jUchU took precedence over 
P, troodward! . The fullest account of the species is, however, 
to ho found in the paper of Bouvier' (3) under the name of 
P. woodieardu Now, since the previous publication of the writer 
(Dakin, Brne. Zool. Hoc. 1 U14), an exploration to the S. W. resulted 
in the collect,ion of over 100 specimens of the Peripatus first 
made known from West Australia, i. e., Peripaiohlm occidental!*. 
The consequence was that the entire question was reopened. 
About 100 specimens of P. tjihwU wore collected for the purpose 
of a. detailed examination and comparison of both species, the 
northern and southern. The conclusion of this research was 
rather surprising. In all the peculiarities that marked the 
northern species (P, (filer!!) the southern species agreed. The 
difference between the two forms was so slight that we could not 
regard them as more than varieties. 

Urns we have reduced the number of species of Per if >ato idee in. 
West Australia, from three to one, Tim southern type must 
retain the name Peripato idee occidental!* —the northern form 
should bo known as Peripalaidcr occidental!* var. gilesii, Further 
than this, however, a detailed investigation of the specimens has 
shown that BouvieFs description of the anatomy contains .several 
inaccuracies, some of which are decidedly important from the 
point of view of comparisons. These inaccuracies are without 
doubt excusable, for flu* number of specimens at the disposal of 
Bouvier was small and the preservation could not- have been all 
that was to be desired. 
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OCCURRENCE OF THE SPECIMENS OF PEEIPATOIDES 

IN WEST AUSTRALIA. 

l.t is noteworthy that all the specimens of Peripatus taken up 
to date have been found in the hills and at some little elevation 
away from the coastal plains. On the other hand they have not 
been found vorv far into the interior. They have been found in 
situations which, at least during the winter months, are some¬ 
what damp hut not excessively so. There is no doubt that 
Peripatus extends over a wide area, in West Australia,, but it is 
very difficult to map out this area,, for collecting is not exactly an 
easy task and the animals have their usual eccentric local 
distribution within it. For example, the author went out on 
one occasion to a small valley in the hills where Peripatus was 
believed to occur. An entire morning was spent searching 
without signs of a specimen, a,ml it was decided that after lunch 
ft now spot should he tried further ahead— t,lie next little valley, 
in fact. The next valley turned out, however, to be the one 
where wo had imagined ourselves all the morning, and we soon 
found Peripatus there as on previous occasions. Here were two 
little valleys only ten minutes apart, with the same vegetation, 
the same amount of moisture, ami presenting such a. similar 
appearance that one had, been mistaken for the other. Yet in 
the one we found many specimens of Peripatus, in the other, 
none. 

Specimens have up to date been captured at the following 
places:—Lion Mill, Mundaring Voir, Armadale, Kelmseott, 
Svalamunda, (all specimens found at these places were supposed 
to be P. , jilstsU ), and at Jarrahdale and Bridgetown in the SAY. 
(7\ neoidtintalis). 

Most specimens have been obtained at Mundaring Weir, 
Armadale, and Jarrahdale. At the latter place Id specimens 
were found under a, small piece of branch about 1 foot square, 
and nearly 150 specimens were captured in three days. Very 
few indeed ha.ve been found under stones or under bark or fallen 
trees, The usual place is on the surface of the soil underneath a 
small or large piece of wood (a fallen branch or part of one). 
Here the ground is more or less damp and there is no grass. In 
the same situation white ants are by far the most ubiquitous 
creatures, with nests of true ants frequently lending variety. 
Large centipedes are often common, but not usually with 
Peripatus, which prefers, on the whole, the absence of ants, 
centipedes, and millipedes from its particular sheltering log. 

In the summer no specimens have ever been found and this 
despite some very arduous work in the broiling sun. Peripatus 
is, however, extremely sensitive to drought, and before the dry 

season—November or December to April.it must find its way 

either below the surface of the ground or far into the crannies 
and mucks in fallen and decaying logs. As the breeding'season 
-coincides: with' the dry season it is impossible to study the 



370 


PftOt'. W, .1. TMKlX OX TtIK 


embryology of West Australian Peripatus, unless spedmens are 
kept alive under artificial conditions in the laboratory through 
the long summer. 

The regions in the hills where Peripatus is found are baked 
dry in the summer, and the temperature rises frequently to 
104 ’ F. in the shade in these valleys. The hidden recesses where 
protection is sought must lie somewhat moist, for on several 
occasions the mere carriage of specimens for a. few hours in a 
cardboard box, with none or insufficient moist earth, has insulted 
in the death of the animals through drying up. lids is all 
the more noteworthy, since half-a-do/.en specimens will live for 
days in a, small glass tube. When suddenly exposed to the light 
of day the animals remain motionless, hut after a few minutes 
they may move quite actively to get out of the light. Slime is 
often ejected from the slime glands on touching the specimen 
with the forceps or the finger. 

EXTERNAL CHARACTERS. 

Colour and Pattkrx. 

Both the varieties of PeripatohUi s’occur in two rather different 
colours, brown, and dark olive-green, and the numbers of each 
are practically equal. Between these two shades there are 
specimens bearing various intermediate tints, and frequently the 
brown specimens are so marked with dark brown (almost black) 
that they have quite a variegated appearance. 

Closer investigation with a dissecting binocular microscope, 
brings out the fact that the entire surface of the animal’s body is 
covered with small papilla*. The pigment in the brown specimens 
is arranged as follows: There is an almost uniform brown back¬ 
ground from which arise the papilla* above-mentioned. These 
papillae are either brown (a little darker than the background) or 
jet black, Home of them, however, ha ve. a. pale yellow area round 
the*base. The arrangement of the papilla* is responsible for the 
dark patterns of the skin. 

In a very dark brown specimen the effect is due to the back¬ 
ground being much darker, the papilla* remain the same, and the 
pale yellow areas, as round the bases of cer’tain black-tipped pupil lag 
are conspicuous. If the background is still darker—almost 
black—with a slight tinge of the-* brown in it, the effect of Urn 
black papillae, the pale yellow areas round some of them, and 
the colour of the background is to produce the very dark olive- 
green shade of some of the specimens. 

The ventral surface is more free from papilla* and the general 
background is an almost dear white. In the bright brown 
specimens, between the legs of each pair there are two patches 
where the background is a pale grey- —a. patch to either side 
of the middle line. On each patch there are minute black papilla*. 
Between each successive pair of legs the background is more or 
less tinged with pale orange brown and there are minute darker 
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orange pa pi 1 he. Each ring here hears huger and more separated 
papilla 1 whirli are quite white. They seem to correspond to the 
white areas round papilla? of the dorsal surface. 

In 1 >oth varieties an extremely fine light median line runs the 
length of the dorsal surface. It may not appear so in nil 
specimens at a. lirst glance. This, however, is due to the fact 
that in the light brown specimens, where it seems clear, it runs 
down the middle of a. narrow hand somewhat paler in colour than 
the rest of the dorsal surfa.ee and rather free from papilkc. hi 
the dark specimens, on the other hand, this narrow hand is 
darker than the rest, of the dorsal surface, and with the naked 
eye or low power may bo all that is observed. A higher magni¬ 
fication will show that a very fine light, line runs through it 
medially, as in the light-coloured specimens. 

The longitudinal band of the dorsal surface referred to above 
is related to a, slight depression, the fine white line being an 
extremely narrow groove. The narrow hand was noted by 
Bomber, but the fine median white line escaped bis notice. 

In both varieties there are always a number of clear white 
papilla' between the successive legs at about the ventral margin 
of the flanks. These correspond, however, to the large papillae 
of the dorsal surface and have merely lost the Hack pigment— 
they arc identical with the large clear papiIke of the ventral 
surface. 

The skin is thrown into a number of folds or ridges, as is usual 
in Penpal, us, There are about 14 of these between two similar 
points opposite two successive logs. The ridges are to be seen 
both dorsally and vent,rally, but are not continuous round the 
entire circumference of the body, for they are interrupted in the 
middle of the dorsal surface by the longitudinal line. But for 
this, however, some are continuous. Others arise between these 
larger folds and do not run so far. .Naturally those opposite the 
logs arc not continuous on to the ventral surface. The folds are 
not all of the same width, but it can hardly be said,that they are 
alternately wide and narrow in either variety. There is really 
very little difference. 

Oral Papilla. 

The oral papilla? are to he found in their usual position--there 
is nothing of particular interest to add with regard to them. 

On many occasions slime was sink, out from the openings of 
slime glands on these oral papilla* when the specimens were 
touched. It was emitted in large quantities when the animals 
were dropped on to water containing a little formalin, and also 
when the specimens were narcotised with chloiofonn. 

The Cephalic! Eegiox. 

Bouvxer (3) has described in considerable detail the rings or 
ridges of the integument at the bases of the antenna? ami in the 
Procl Zoom Soc.—1920, No, XX Y. ■ 2d 
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neighbourhood of the eyes. He recognises in certain Peripntus 
species what, is termed un ocular riot/ of papilla 1 , with part, of it, 
differentiated to form a frontal organ. In others he slates : 

44 Fareeau oc.ulaire s’jitl^nui 1 , puis disparait axxez hrus*jneinnut 
apres avoir deer it un pen plus d’un demitour, mnis a ce niveu.n 
on mourn bien plus on dedans, la mam infra.-oculaho prend une 
remarquahJo predominance, forme parfois un organe frontal et se 
continue par ra.m*a.u spiral.” The northern variety (l!niivi<*i ; s 
Poripafadden irood,tear ill) is suppose<l v be one of the forms most 
typical of this group of species. 

Several specimens of both varieties have hern examined, and, 
so far as can ho ma.de out, there is no difference greater than the 
variations met with in either variety, between the two forms. 

The Lucks. 

The number of legs appears to he very definite in the ’West 
Australian PeripiiUddes, and no variations are to he recorded 
amomjst the tndin duals Jrom anyone area. There is, however, 
a marked difference between the two varieties which inhabit the 
northern and southern areas respectively. 

Boitvier stated that Perl pal old, en y lies'll resembled P. a alert and 
differed from all the other Australian Perlpatoldes in the possession 
of lb pairs of legs. At the same time it was stated to differ 
from P.mierl in only having three pedal papilla;, in which respeet 
it agreed with other Per!pat aides. 

Fletcher diagnosed the southern variety, l\ occidental Ir^ as 
possessing 15 pairs of walking-legs, but no further description 
was given. This is the difference between our two varieties, 
and it is most constant. All the specimens from Mundnring, 
Armadale, Kelmscott, etc , in the north, have 10 pairs of legs, 
whatever ho their size or sex. All the southern specimens 
bear only 15 pairs of legs. All the legs are similar with the 
exception of the 4th and 5th pairs in both varieties, from 
which one may conclude perhaps that it is one of the posterior 
pairs that is missing in the southern type. 

Each leg is marked by rings bearing papilla*, but. near the 
apex on the ventral surface these papilla 1 have united to form 
spinous pads, the middle one of which is somewhat wider than 
the others. Now in the northern variety the 4th and 5th pairs 
of legs differ from the others in the fact that the proximal spinous 
pad is segmented, a small central segment being cut off from 
two larger lateral lobes. This central segment, takes the form of 
a papilla upon which the duct of the excretory organ opens. 
They are accurately figured by Bouvier, who remarks that, the 
urinary papilla; of the 4th and 5th legs are always independent 
of the neighbouring parts of the proximal spinous pad, whereas 
they are always adherent in PenpaUnd.es mien and sometimes in 
P. orienUtlis ( P. Uuckartii). We may now add tha t the condition 
described above holds good in every detail for the southern 
form too, 
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Tho charncter oi those structures has been used verv con¬ 
siderably in systematic works, ami consequently they have more 
than a, little interest for us here. 

Each mandible consists as usual of two blades. The outer 
blade presents a single large projection, but no small teeth. 
'The inner blade is provided with a. huge principal tooth and a 
number of smaller accessory teeth. According to Spencer (121 
there are four clearly marked and one minute accessory tooth, 
whilst Bouvier remarks that, as in I\ snlcrh P. none r:ndatnlia\ 
and P. oeeidentalis, there are live accessory tooth. In the course 
of this present research the mandibles have been removed from a 
large number of specimens, ami examined, with tho result Hint 
whilst one can say that live accessory teeth are most common 
upon the inner blade, there may be six or even seven. In the 
latter ca.se the extra teeth are very small. There is again no 
difference to be noted between the northern variety and the 
southern form previously known as P. occidentalism There is never 
an accessory denticle at the base of the large tooth on the outer 
jaw blade. 

External Sexual Differences and Crural Pa pill:*:. 

There is no difference in the number of legs borne by tho two 
sexes as in Peri pains none-hrUanniw, although the two sexes are 
to be distinguished by other characters associated with these 
appendages, i. e v the crural papilla*. The female aperture is 
larger than the male aperture, as noted by Bouvier, and both 
apertures are found between the bases of the legs of the last pair. 
Behind the aperture of the reproductive organ in the male, and 
consequently just posterior to tho lost pair of appendages, are 
two small openings which can be recognised by their slightly 
tumid, pigmeutless lips. These are Hie apertures of the a,vial 
glands. 

The Crnml Papilla 1 are the most distinctive features of the 
male. 'Unfortunately there has been, some confusion as to the 
number present, and these structures have been taken as of 
considerable systematic importance. Bouvier (3) gives the 
following table for three males in his collection (the species 
formerly known as P. woodwartU or l\ gilrni ):— 
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It, will he noticed t.'hsit. tlmre is m very large auiounf of venation. 
Bouvier found, however. that in many cat-os the pit pilin' could 
he discovered by a study of (he anatomy. 11?* concluded I lint, 
there was reason to believe that Peripidoidcs woodward i possessed 
or aval papilla; for sill the legs with perhaps Mu* exception of the 
lad tiro yw?V#, although further imvstigation might sdm\v litem 
to exist there; too. 

In nothing a. comparison with other Australian .-pedes of 
Pori pat oldest, .Homier states (relying on Eletelier's description of 
P. Occident alls (7)} that our norlhern variety differs /row all 
other Australian forms in the possession of crural pupil ho on the 
1st pair of legs. I n fact, this is stated to distinguish P. wood irttnli 
from all other known species of IVripatns, This statement 
renders an examination of the southern variety particularly 
interesting. 

Let us first take Bouvieds northern type. We have found 
that the men; presence or absence. of crural papilla. 1 when examined 
externally means almost nothing. Suctions show a heaps that the 
papilla; art; present- on certain logs hut that they may he either 
invagina,ted (see PL III. fig. 4, Orur. pap.) or protruded. Every 
specimen examined has had different crural pupil hr protruded. 
If may either depend upon the fixative or the animal may pro¬ 
trude certain papilla; at definite times. The preserved specimens 
would then indicate the condition at the time of fixation. 

The fact remains, however, that crural glands are present in 
the male in every leg (PL L tig. o, (Jr.OL), and papilla* are fo 
he found on all of them too. This is a correction to Bouviehs 
otherwise excellent description, for ho is not certain of their 
presence on the penultimate pair. They are rudimentary on this 
pair, corresponding to the condition of the ('rural gland, which 
is very small in these legs (see PL L fig. JO. The papilla, is 
well developed on the last legs, and ifs place is marked exam 
when withdrawn by a minute aperture with raised Ups. 

It is striking to find that the above description will answer 
exactly for the southern form (P. (Hiddenlulls). Males have keen 
obta ined with almost all the appendages showing protruded muni 
pa. pill an Sections indicate* the presence of (-rural glands and 
crural papilla; exactly as they are found in Mu* Mundaring 
specimens. We must emphasise in this connection the necessity 
for the external examination of many specimens before one can 
state how many crural papilla; are present, Tims wo now have 
two varieties (of one species) which are characterised by the 
possession of crural papilla; on the 1st pair of limbs.* 

* The above puts out of court FldehcfV description of P, oredhnhdis in winch 
he states that the males have white papilla* on most of the lepra, but not on those of 
the 1st pair* 
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INTERNAL AM ATOMY. 

AlilAl ENTARY CaXAL, ETC. 

The alimentary canal presents nothing of exceptional import- 
a,nee in the way of differences from the conditions observed in 
other species of Peripatus. The jaws have already been described. 

A few words are necessary with regard to the muscles attached 
to them. It is frequently stated that the muscles of the man¬ 
dibles are the only striped muscles in Peripatus. A careful 
examination of nil the muscles in .the West Australian Peripa- 
toidea has been made, but so far as transverse striation is con¬ 
cerned no differences can be made out between any of them. Mo 
muscles bear cross-stripes, all appear smooth. 

►Salivary Glands. 

Two well-developed salivary glands are present, opening by a. 
common duct ventrally into the mouth. The common median 
duct is very short (see PL I. fig. 1) and gives rise almost at once 
to two narrow tubes which run out at right angles to the long 
axis of the body and then bend suddenly backwards when the 
lateral body-wall is reached. This portion (Pl. I. fig. 1, SaLG.d.) 
is non-glandular, and the walls consist of compact cubical cells. 
A marked change takes place when the ducts bend abruptly back¬ 
wards to run in the lateral compartments in close proximity to 
the nerve-cord; the ducts pass here into the glandular region 
(PL 1. fig. 1, Bal.GL) of the salivary gland. The cells of this 
part are often much vacuolated, and the nuclei are pushed to the 
bases of the cells, where they lie in close proximity to a thin 
muscle and connective-tissue sheath (see PL IT. fig. 5). 

The length of the salivary glands is such that they extend back 
to somewhei e about the 7th or 8th pair of legs—-that is to say, 
just beyond th<» middle of the body. 

The Tracheae. 

The respiratory organs of Peripatus have always been regarded 
as of special note in view of the interesting relationships of the 
Onychophora. It is somewhat surprising, then, to find that even 
to-day there is some doubt as to whether a spiral fibre is present 
in the tracheal vessels. Other points are also uncertain. 

The respiratory organs, as is well known, consist of trachea?. 
These are very delicate and of minute diameter. In the West 
Australian Peripatoides they could only be made out with diffi¬ 
culty in preserved specimens, although more easily in sections. 
They are, however, exceedingly clear when freshly killed speci¬ 
mens are dissected under water and examined with a Zeiss 
binocular dissecting microscope. Ample material has rendered 
this mode of examination possible. 

Distribution of Trcichew. —As is well known, the trachea 1 of 
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iVripatus arise in hunches from Mu* bottom of little epidermal 
pockets which, may ho termed stigmata. or tracheal pits. hor a. 
varying distance the delicate trachea,! Lubes run in a, bundle ail 
more or less parallel to ouch other and without! branching; 
gradually, however, the trachea? separate oil* in large or small 
packets from the main bundle; ami radiate in dideront directions. 
The trachea* of these bundles in their turn gradually separate 
until they run alone. As a, consequence of this arrangement and 
the fact that only the larger main bundles are readily visible 
even when filled with air, each tracheal pit appears to give rise 
to a little irregular rosette or star of tracheae That is to say, 
this is the appearance when the inner surface of the body-wall is 
examined. The arrangement is indicated in the illustration 
(PS. ,11. fig. <>). 

The tracheal pits are arranged somewhat, irregularly, but 
mainly in the manner indicated by ! Sal four in 1 8H3 in PertptUm 
euqiensix. There are two irregular rows dorso-laterally on each 
side, that is in the quadrants between the heart (PL 1,1. 
lig. (>, lit.) (mid dorsal line) and each longitudinal nerve (PI. 11. 
fig, (>, N.(J.). The more ventral series on each side appears to 
comprise the larger bundles. On the. ventral surface there are 
also four longitudinal series of tracheal pits, two to each side of 
the mid-ventral line (only two series, those to the left of the mid- 
ventral line, are shown in lig. f>). The row next to the long! 
tudinal nerve on each side appears to comprise the larger bundles, 
it is diilieult to say how many tracheal pits then* are to a segment, 
for the number appears to vary, ami the smallest ones an; not 
easily seen. No attempt has been made to determine the full 
number. Madron (8) states that there are about 7a per segment 
in Prripatfis lultrardsl. Wo have counted over *P2 without 
trouble in segments of our fWi/udotY/vs, 

There a re some very large tracheal bundles in the head, supply¬ 
ing tin# large nerve ganglia. Some of the largest of these arise 
vohtraliy, and there seems to ho a series of tracheal pits sue 
rounding the mouth-opening, dust behind the mouth then* is a 
large pit in the mid-ventral line. There are also large pits 
ventrally platted and in the median line in front of tin* mouth. 
Other largo pits occur to the sides of the oral aperture. 

Ih'anchhtfj o/ Urn TmcUtut'. — A great deal of doubt has been 
expressed as to the course of the trachea*. In Peripatus. Thus, 
in BalfomAs treatise on the Anatomy and Development of 
l\ (1), the following statement occurs: 44 Moseley states 

that the trachea; branch, hut only exceptionally.Balfour stated 
that the trachea* vvere “ extremely minute, unbranehed (so far 
as 1 could follow them) tubes.” Bedgwiek, in his article in the 
Cambridge Natural History (10) ? states that the trachea* 44 appear 
to branch but only exceptionally.” 

Now the main trunks do not branch in the West Australian 
„Peripaioklfis , but if a piece of alimentary canal-wall in the 
fresh state is mounted in salt solution ami examined with 
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fL> oil-immersion Ions, branched trachea-* can easily be found 
(.see Pi. II. figs. 7 «fc 8). 

nerve-cords, ganglia, alimentary canal, and in fact all the 
organs are well supplied with trachea) and brandling is easily 
discovered. But it is only when an oil-immersion lens is applied 
ho practically living tissues that the full extent of the tracheal 
system becomes apparent. PL II. fig. 8 shows more distinctly 
the manner of division of the tracheal vessels. 

PL f L fig. 7 is hut a very small area of the alimentary canal- 
wall indicating the course taken by the brandling tracheal vessels 
there. Attempts to follow out with certainty the line termi¬ 
nations of the branched trachea? have so far met with little 
success. They simply end, but whether the end. has been seen 
oi* whether still finer capillary tubes continue and penetrate 
cells is unknown. 

The Sir act tire of the Tr adhere. —Typical insect tracheae are 
elastic structures lined by an extremely delicate chi tin layer 
which is strengthened by a spiral fibre. The spiral fibre is said 
to he absent from the line capillary twigs. In large insect 
trachea) the spiral thickening is easily observed with a moderately 
low power of the microscope. The largest trachea? of Peripatus 
are, however, of minute dimensions, and it is not surprising 
therefore that uncertainty should have arisen as to whether they 
presented the spiral so characteristic of other trncheate arthropods. 
Balfour noticed something and was led to state that the trachea* 
exhibited a faint transverse striation which he took to be indica¬ 
tive of a spiral fibre. No one seems to have gone beyond this 
since, and Sedgwick (10) in 1010 restated it in the description: 
“ The trachea) are minute tubes exhibiting a faint transverse 
striatum which is probably the indication of a spiral fibre.” 
(Uaflron (8) remarks that it is, questionable whether a spiral 
fibre exists, the only indication being some fine cross striping seen 
only with high powers. 

This question has been solved, like certain others, through 
the application of the oil-immersion lens to fresh material 
mounted in salt solution. There is now no doubt but that the 
delicate trachea) of Pcripatohles are strengthened by an exces¬ 
sively minute but perfect spiral fibre (PL II. fig. 9), 

The (Jeitjral Glands. 

Reference has already been made to the crural glands in the 
section dealing with the external characters. 

They are particularly well developed in the males, where a pair 
can be. found for every pair of leg". With the exception of the 
glands of the first and last pairs ofjegs, which are highly modified 
in both the West Australian forms, the crural glands are entirely 
contained in the legs. The external aperture is very distinct. 
It is situated distally to the nephridial aperture on the ventral 
surface of all the logs except the 4th and 5th, where the excretory 
opening is found near the end of the appendage. The extremit y 



1’U.OIA W. ,1. DAKIN ON TDK 


17S 

of the gland-duct, which opens to l.lio exterior is provided with 
a swollen circular Sip which forms the crural papilla. The 
surrounding epidermis is retractile and may he invaginal-cd 
to form a. little, Onmd Pit. dim crural papilla, is Mien quite, 
invisible from the exterior, hut this is merely a, temporary con¬ 
dition. and consequently there is no point in counting visible 
crural papilla; in these animals unless the count is cheeked by 
sections. With the exception of the last pair of glands, opening 
on the last pair of appendages, the aperture of the gland leads to 
a. narrow duet bounded by small cubical cells. This duct- runs 
upwards to open into a. largo vesicle which extends distally and 
occupies quite a. huge extent of the leg-cavity. The vesicle itself, 
La., the crural gland proper (set? PI. I.V. fig. 10) is lined by a. 
layer of small and compact cubical epithelial cells with large nuclei 
centrally placed. The glands are usually readily distinguished 
by reason of the contents, which in sections stained with iuenm- 
toxyiin and eosin appear bright pink. Still more characteristic 
is the fact that the contents are perfectly homogeneous a,rid 
non*- granular. 

The first pair of Crural Glands differs considerably from all the 
rest. The duct opens in the same manner as in the succeeding 
glands but instead of leading to a sac in the leg it passes into the 
lateral cavity of the body and opens into an elongated sac which 
runs almost the entire length of the animal (see PL 1. fig, 3, 
(Jr.Glf). This tubular gland can be easily picked out in transverse 
sections, for it is always cut transversely and lies not far from 
the lateral nerve-cord and below the salivary gland in sections 
where this is also present. The structure of its wall is quite 
characteristic. 

These extraordinary crural glands of the first legs were dis¬ 
covered in the West Australian Perlpatoules from the hills near 
Perth by Bomber, They are noted in his monograph as peculiar 
to the species. It is important, therefore, to note that the same 
tea,tun; is present- in the southern variety in short, tins character 
is peculiar to both West Australian varieties of Periptttoitlcs, 

The Vruml Gland# of the panaddimaU let/# arc? extremely 
minute. The duct is short and leads into a very small vesicle. 
Bomber was uncertain as to whether crural glands existed here 
at all. He was unable to find them in his specimens. 

The Cruml Glands of the last pair of lay# arc very dillerent 
from all the others. The duets pass direct from the legs into the 
centra,1 body-cavity, where they lead into two somewhat, wide 
tubes which run forwards entangled in the coils of the gonoducts 
(see PL I. tig. 3, Ur.GL"). 

Crural glands and crural pupil lie are features of the male sex, 
but in Willey’s account of the Anatomy and Development of 
Peripatm novtc.-Imiannw (13) the following reference occurs 
to crural glands in the female: “ Wherever they emu* (crural 
glands) they are found only in the male except in P. cape n sis, 
where they arc said to occur in the female also (Kheldonj, 
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Without denying their occasional oxistemv in the female 
P. capf'usis, 1 may say that I have failed to find them present, 
and 1 doubt, on a priori grounds, if thov normally occur in the 
female.” 

Ju the paper (11) to which Willey refers the following state¬ 
ment is made: ki J have examined several legs of P. copensis, 
both of males and females, and have found a crural gland in 
ever)* one except the first pair of legs.’ 5 

A careful search through sections of female Peripaioides of 
Western. Australia, has shown that crural glands do occasionally 
occur iu the female. They a,re not always present, however, and 
when found there is no regularity as to the legs containing them, 
in any case they are not highly developed, although they have 
the same vesicle with the same pink-staining homogeneous con¬ 
tents found in the male. 


The NnrnftiDiA. 

A very careful study of the nephridia of Western Australian 
Peripaioides has been made, and well-preserved sections have eluci¬ 
dated many points. It will he perhaps desirable to describe their 
structure in detail, especially since some features, the presence of 
cilia for example, are now made known for the first time. Mention 
of cilia, occurs in all genera,1 descriptions of Peripatus, but. only 
to the effect that they are found iu the generative ducts. The 
cilia discovered in the nephridia of Peripaioides are remarkably 
well developed and of great length, reminding ore more of flagella. 

The nephridia, with the exception of those of the 4th and 5th 
pairs of legs, open on the ventral surface at the junction of 
each leg and the body.’ Tho.se of the 4th and 5th pairs of legs 
arc quite different from the others. They open on a special 
papilla situated on the ventral surface of the respective legs (see 
PI. 1. fig. 2, NephA It is rather striking that with variations 
in the- anatomy of the Onydhophora, and in particular with 
considerable variations in the number of legs, there should be such 
a constancy in regard to the position of these special nephridia. 
They are of almost exactly the same form in the West Australian 
Peripatoides as in Peripatus capeusis , and similar enlarged 
nephridia occur in other species. 

Nephridia are found in all the pairs of legs without exception 
in the West Australian Peripatoides . 

Structure of a tj/pical NephrvUmn. —The aperture, which, except 
in the case of the 4th and 5th nephridia, is unmarked by any 
papilla, appears an a little crevice in the epidermis. This leads 
into a short tub© of minute diameter. This duct passes upwards 
into the lateral compartment of the body and opens into a thin- 
walled collecting vesicle (PI. IV. fig. 11, Coll. Ves.). The cells 
of the duct are small, cubical, or somewhat, flattened, but the 
vesicle is lined by a very delicate squamous epithelium of large 
cells, the nuclei appearing distinctly some distance apart. The 
vesicle might easily be mistaken for a split in sections were it not 
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for its constant; presence and the ducts opening into it. hollowing 
the vesicle tin? nephridium is divisible into two marked sections, 
a. tubular port,ion and a. terminal chamber. The tube describes a. 
rough circle and then burns abruptly on itself, so that its termin¬ 
ation is close to the vesicle referred to above (see PL J V. lie;, i!). 

The terminal chamber ( PI. i,\ r . lig. 1 i, (ke.) is now well known, 
although missed by the first investigators, who believed that the 
nephridia, opened into the lateral compartment of tin? body. 
The chamber lies partly above and partly posterior to the col¬ 
lecting vesicle referred to above. 

The first portion of tin? nephridial tube internal to tin? 
collecting vesicle is lined by a very delicate a,ml characteristic 
epithelium of large Hat cells. As a, consequence of the? size of 
the cells relative to the diameter of the duct it is possible to have 
transverse sections with only two or three nuclei showing (see 
PI. IV. fig. 11). The greater part of the nephridium between tin* 
terminal chamber and the collecting vesicle? is built; in this way. 
The section, however, which actually opens into the torn mail 
chamber is very different. The wall of the nephridium becomes 
thicker and far less delicate and is formed of a compact layer of 
columnar epithelial cells (see PI. IV. fig. 11, Oil. 11.). These 
cells are so crowded and the nuclei stain so distinctly that most 
previous workers have noted the peculiarity. In (act this change 
in the eharaerer of the cells has been taken as indicating the 
passage from the ectodermal, part of the nephridium to the 
mesodermal portion (see. Glen, Q. J.M.ft. 3018, vol. Ixiib). 

Now it is the cedis of this section of the nephridium which bear 
the cilia (Pis, I LL .1 V. figs. 11 V 12). Those are so long that 
after projecting from the cell they extend along the lumen of the 
duct for a relatively considerable distance, it is extraordinary 
that in many figures showing the structure of the nephridia of 
JVrripntus details of the histology are given at a high magnification, 
yet no indication of cilia, is presented. 

Bundles of long cilia arc? very characteristic of renal cells, 
although at the same time they are in the highest degree peculiar 
for the arthropods. The Annelid resemblances of IWiptUnn 
are certainty heightened as a result of tin? examination of well- 
preserved sections through the ciliated ducts of these nephridia*. 

* 8in.ee writing the above I have been enabled to examine a copy of Guilrnii'a 
turnons paper (8) on tin? Anatomy ami Histology of JVripatus, in which the best. 

mention of the presence of cilia in this animal- -in tin* Ueecptaeula seminis.was 

made, Looking through his description of the nephridia 1 found to my surprise 
the following lines referring to the region where the duct opens into the cmlomic 
\csiele. It must he remembered that the vesicle was unknown at the lime, and its 
remains were supposed to la? a funnel-like uephrostome opening into Hie body-cavity.' 
“Hr hesilzt: wie dor Triehter selbst, kleinzelliges, im Lebtm UHthtwhcinlieh irhn- 
perndes Kpi the! . , , , ty (hi tiro n never indicates that he found cilia, here nor are 
any shown in his illustrations of this region. Wo must conclude that the remark 
was merely a conjecture, probably suggested by the apparent resemblance to t he 
open uephrostome of an annelid. It is curious, however, that Ids successors who 
have studied the nephudia have not commented on this. Kither the cilia, are only 
found in the West Australian Peripatoides or else my preparations must ho par¬ 
ticularly favourable ones, 1 
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The Sephridia of the Xlh and hlh painof icy* i PL I. tig, *i, 
Nop 11,'). These nephridia differ From the others firstly in the 
increased length of the tube between the distal collecting vesicle 
and tin? opening on the leg. This is due to the fact that the 
renal aperture is situated near the extremity of the appendage. 
The vesicle presents the same structure ns before. From the col¬ 
lecting vesicle a long, tubular portion extends posteriorly within 
the- lateral compartment of the body. This section presents the 
same type of wall as the corresponding section of the other 
nephridia. Having reached somewhere about the second suc¬ 
ceeding pair of legs the tube turns on itself and runs forward, 
the two limbs being in close contact. The wall still presents the 
large flattened cells. This section passes into the ciliated duet, 
which is particularly well marked in these nephridia, and opens 
into the euelomie chamber, which lies close to the distal collecting 
vesicle. 

The Reproductive Organs. 

A somewhat detailed description of the reproductive organs of 
the West Australian Peripaloides is rendered necessary owing to 
the fact that iiouvier’s specimens of the northern variety were 
not sufficient to allow of a complete and accurate account of the 
anatomy. This applies in particular to the female, in which con¬ 
nection Bouvier states (3) u Lappa veil genital femeile ne presente 
Hen <le particular, si cc n’cst l'atropine complete, on. A pen pres 
complete, dec receptacles seminauxT The reeeptaeulum se,minis 
is, however, well developed. The explanation of the mistake 
probably lies entirely in the state of preservation of the few 
specimens available. We have had the good fortune to obtain 
many specimens and to preserve them in many wavs. 

The Male Reproductive Or [fans consist ib\st of the two testes, 
which lie fairly far forwards entangled amongst the diverticula of 
the slime glands (see PL I. lig. 3, Tes.) and dorsal or lateral to 
the alimentary canal. These organs are tubuhu and from the wall 
cells are cut oil* which are apparently the spermatocytes. These 
do not develop into spermatozoa in the testes. Apparently the 
development of spermatozoa lakes place in the re sic t da seminalis 
(see Photomicrograph, PL III. tig. 14). 

This feature is to my mind rather interesting; yet it is one 
which is never mentioned in text-hooks. it was naturally 
thought at first to he quite a new discovery. As a matter of fact 
it was seen by Oatfron many years ago and figured in his work (8). 
(laffron was struck also by the resemblance* to the conditions in 
the earthworm and actually writes; e< Ktwas inhnliehes Hndet 
sicli bekanntlich beim Regen wunn, wo ja aueh die eigentlichen 
Roden den ‘ Bamenblasen ’ ge geniiber sehr zuriicktreten mid die 
Weiterentwicklung der Spermatozoon in letzteren staitfindetd 

Each testis opens into a seminal vesicle (PI* I* kg* n, *), 
one usually lying somewhat in front of the other owing to the 
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crow<LaI comiit,iun of the ImmI y-c;i\ itiy. it is 4 1iH m* u11* to separate 
the delicate ducts in preserved and eniisutpienfly hardened spe 
in mens. The seminal vesicle may, however, attain such a size 
at a certain se;ison of the year (September October) as to fill up 
most of the body-cavity where it occurs. This is well shown in 
the illustration PL ill. fig. 1, which is a photomicrograph of a 
transverse section passing through such a- seminal vesicle. 'The 
wall of tlio seminal vesicle is rather delicate, being formed of 
somewhat flattened epithelial cells (PL IV. fig. Pi). The vas 
deferens leaves the seminal vesicle at the opposite side from the 
entrance of the testis or testis duet. (It is impossible to divide 
that, portion of the reproduetive organs beyond the seminal vesicle 
into regions.) 

The first portion of the vas deferens following the seminal 
vesicle is lii»ed by almost cubical cells (Pi. IV, figs. Kb 15). 
This leads imperceptibly into a, section (by far the longest) the 
wall of which is of flattened cells, the epithelial layer being, how¬ 
ever, supported by a. layer of longitudinal and circular muscle 
fibres. This section of the vas deferens coils about, entangled 
with its fellow of the opposite side a,ml also with the terminal 
portions of the accessory reproductive glands. 

What we may term the vas deferens of the right side con¬ 
tinues its course to the left of tins alimentary canal right away 
on towards the posterior extremity of the animal (see PL K 
fig. d, Vas.def.r.). dust iu front of the male opening it dives 
under everything, even the two nerve-cords, and, reaching the 
right side, it continues its way anteriorly again. 

This extra.ordina.ry difference from the course of the other vas 
deferens (PI. I. fig* b, Yns.def.L) is always met with. It was 
indicated by Heavier, hut bis drawing is not quite accurate. 

Eventually, somewhere about the 4th or 5th leg fiom the pos¬ 
terior extremity, both vnsa deferentia. join up to form a very with* 
terminal unpaired tube. The first portion of this wide duel, has 
thin walls, the epithelium consisting of flattened colls (PL IV. 
tig. 1 (>). As the reproductive aperitive is reached the walls become 
thicker (PL V, fig. 17) owing to a gradual development of tmns 
verse and longitudinal muscles. The. terminal portion (PL V. 
fig. 18) is very muscular, the walls being quite thick, it is 
probably extensible* This last section turns over to the right 
side of the alimentary canal and passing underneath the right 
nerve-cord reaches its opening to the exterior (see PL I. fig. 5). 

As Bouvier pointed out, the vast chain her formed by the 
coinmcmeement of the unpaired duet is usually filled with a mass 
of spermatozoa, the whole faking the form of a, convoluted cord 
(PL IV. fig, 16, Bp.). There is no sign of any ehitinous envelope. 
It will be seen that the unpaired section of the reproductive 
ducts formed by the union of the two vasa deferentia is the region 
for the storage of spermatozoa and their massing into spernmto- 
phores—not the so-called seminal vesicle, where spennatogenesis 
takes places. ■ 
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From tlift fact that sperms are found throughout tlie ducts of 
the female i have no doubt that females are impregnated through 
the vaginal aperture. 

Accessory Ducts, etc .— The crural glands of the last legs of the 
male are modified as already pointed out. The minute duct, 
which opens in the usual place, runs into the central body-cavity 
and enlarges to form a thin-walled vesicle which runs forwards 
as far as the antepenultimate leg or thereabouts. It walls and 
contents (see PL I\ r . fig. 10) are similar to those of the normal 
crural glands of the anterior limbs. 

Two other accessory glands, the anal glands, open in close 
proximity to the male reproductive opening, and slightly posterior 
to it. From each opening a narrow duct passes laterally under 
the nerve-cord and then turns dorsally and inwards and for¬ 
wards, gradually widening until a rather wide sac is produced 
(PL 1. fig. 3, An.GL), 

These glandular sacs are rather prominent in transverse 
sections near the posterior end of the animal (PI. Y. figs. 19 
and 20, An.GL), and are easily picked out by reason of the 
intensely vacuolated cells which form their walls. The contents, 
too, a,re very granular and deeply staining (see P3, Y. fig. 21). 

The lleprochictive Organs of the Female. —The ovaries of the 
West Australian Peripatoides agree with those of the other 
Australian forms and. with the Cape and New Britain species in 
having thin walls, so that the developing eggs come to hang 
freely in the central division of the body-cavity (PL I. fig. 2, 
Ov\). From each organ an oviduct (Ovid., PL Y. fig. 22) leads 
forwards for a, short distance to open into a large and fully 
developed recoptaculum seminisby two ducts (Pis. I.,Y. figs. 2,22, 
Rec.Sem.). it is true that the receptaculum may reach a much 
larger size, in September-November, but it is none the less a 
well-defined permanent structure at all times. 

The oviducts, which open into the two ovaries, unite for an 
extremely short distance at their origin and then separate again 
(PL V. tig. 22). Their course is then amidst the convolutions 
of the slime-glands for a short distance to the point where each 
communicates with a receptaculum seminis. This first section of 
the oviduct is characterised by somewhat thick walls, the epi¬ 
thelial cells are deep and crowded together, the lumen of the duct 
usually appears restricted (see PL Y. fig. 23). 

As Willey noted in the ease of Peripatus norce-hritannice, the 
walls of this first section of the oviduct differ from those of 
the rest of the genital duct. "Willey (13) termed this portion the 
inf undibulum, , and remarked that the striking contrast between 
the infundibula and the ovarian tubes seen in P . novm-brUmmia ? 
has not been remarked in other species. 

The infundibula of the West Australian Peripatoides do not 
differ materially from those' of P. norce-hritanm.ee. . So far, 
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however, ftts i,h<* ovarian i.u! m*s arc concerned, I have been able S,o 
Hist inguish ]><o*ii <>1 hjji! investment, tunica. muscn laris, ami genuineI 
epithelium, and the thickness of the wall increases as we pass to 
(lie* infundibulum ( PL V. lig. 2d). I should be inclined, on the 
whole, I'D doubt the possibility of the ovarian tubes not being 
strictly homologousstructuresthroughout thegenus a. suggestion 
of Willey's, 

r riie reeeptarula, seminis (PI. V. lig, 22, Roe.Bern.) are {.wo 
thin - walled bags, each of which communicates \vihit the Infun 
diladmn of its side by two short duets. The Sana* condition is 
met, with in other species of Peripa.t'us where the rereptarulum 
is present. 

Thu preparations which 1 have at my disposal show {.hat cilia 
arc present in the fuhes connecting the infumlibulum with the 
receptactihnn (see \ M. V. hyp 25). This is the position in which 
cilia, were first discovered in Peripatus by GatlVon (8). It, must, 
be noted that these cilia, are much shorter and less distinct than 
those described earlier in tins paper aw occurring in t he nephridia. 

The two uteri do not dlller essentially in histological structure 
from the infundibula. They possess a wd I-dove loped muscu¬ 
lature • - transverse and longitmlinal fibres surrounding the 
epithelial wall. These uteri pass forwards for a, short distance 
and then return, usually one to each side of the alimentary canal 
(PI. I. jig. 2, lit.). They meet posteriorly quite near the ex¬ 
ternal aperture, a,ml a. median and very short vagina (PL I. 
(ig. 2, Vug.) leads to the exterior. During the summer .months 
each uterus presents the appearance of a. string of wa,usages. 
This is due to the chain of developing eggs or embryos con¬ 
tained within it, The eggs are of very large size indeed, and the 
uterus is swollen considerably round each and constricted between 
{ Item, 'rite West Australian examples of Prripatoidcs bring their 
reproductive organs to maturity during the winter, winch is the 
only period of feeding and activity in general. Fecundation 
probably takes place about August to October. The species is 
viviparous, [ For further reference see notes on Spermatogenesis 
and Reproduction in a following paper,) 

SlJMMAttX or (JJIAUAOTWRS DIAUNOSTK! OF Til K W.K8T AUSTRALIAN 

Ph'/iii'.rroi/uw. 

There are two West Australian varieties of Peri pa, tus— sub¬ 
gen, Pur ipt Miles. They agree, in external characters and in 
anatomy, with the exception that whilst the northern form 
possesses constantly 10 pairs of legs, the southern variety has only 
15 pairs, J.t is not considered advisable to separate those two 
forms as distinct species. They can only bo considered varieties. 
The first to be discovered and named was the southern variety, 
which, was termed Peripatus huekarti Bang,, var. oeddmialis, hy 
Fletcher in 1895. 

Since that date, however, this western form has been raised to 
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8}ieei lie rank by Deudv (5). and is now recorded as Peripatoides 
ocrinlenlalis, Tite rediscovery of the typical form and the demon¬ 
stration that its anatomy is almost identical with that of the other 
form winch Bouvier recognised as quite distinct from all other 
Australian Peripatoides endorses Dendyhs action. The northern 
variety was termed J\ ivoodwardi by Bouvier, but we have 
shown (4) that this name lacks priority, the name !\ yilesii 
having been previously given by Baldwin Spencer. The position 
is, therefore, that the only West. Australian species of Perlpatoid.es 
is Peripatoides acridmlalis, the southern form being the original 
one mimed, the northern is thus to he known in future as 
P, orcidentalis vnr. gilesH. 

Previous diagnoses of P. occidental is are to a large extent 
incorrect. 

The Diagnosis of the Species is as follows :— 

(1) Specimens fall into two colour series, in one of which dark 
green-black predominates, in the other a brown-red. (2) The 
legs number 16 pairs in the vav. gilcsii, 15 in the typical form, 
(b) The third pedal ring (or spinous pad) is usually slightly 
narrower than the first, and the intermediate ring a little larger 
than in the other Peripatoides ; the rudiments of the 4th ring 
are practically invisible. (4) There are no accessory teeth on the 
outer blade of the mandible, and 5 or 6 on the inner blade. 
(5) The urinary papillae of the 4th and 5th legs are each on a 
separate segment of the lirst pedal ring. (6) The crural papilla? 
are present on all the legs of the male, but may not be obvious 
owing to retraction. (7) Crural glands are present opening on 
all the legs; those of the 1st pair are very long and extend 
almost, the entire length of the body in the lateral compartments. 
Those of the last pair of legs are also long and run forwards 
entangled with the reproductive ducts in the central body-cavity. 
All the other crural glands are contained in the legs. Those of 
the pah* of legs preceding the last are very small, (8) The male 
reproductive organs may extend forwards as far as the 6th or 
7th pair of legs from the posterior extremity. The two vasa 
deferentia after leaving the vesicuhe seminales in which sperma¬ 
togenesis takes place run a tangled course. That of the right 
side runs almost to the extreme posterior end and to the left side 
of the body, it then curves under both nerve-cords and runs for¬ 
ward on the right side to meet its fellow ami form an impaired 
duct at about the level of the 4th or 5th pair of legs from the 
posterior end. The proximal portion of this duct is very wide 
ami very thin-walled and forms a reservoir where spermatozoa 
accumulate in tangled “cordons.” It passes gradually into a 
short muscular ejaculatory duct, (9) The ovaries are dorsal in 
position and extend forwards from near the posterior end, 
occupying the hinder third of the body at the breeding-season. 
The walls of the ovaries are thin, and the eggs when ripe appear 
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in consequence to lie freely in the central cavity of the body— 
in reality the ovary-wall projects in the form of very delicate 
follicles. (10) Reecptaenla, seminis are present, each communi¬ 
cating with the oviduct of its side by two ducts which are 
ciliated. 


AFFINITIES OF THE WEST AUSTRALIAN 
PERIPATGIBES. 


I:»ouvlev discusses at some length the a,(Unities of his Peripatoide .« 
wood., war di His account requires bringing up to date owing to 
the corrections necessary by reason, first-, of the increased know¬ 
ledge of this northern variety, and, second, owing to the infor¬ 
mation now brought forward regarding the anatomy of the 
southern form known to Bouvier as a distinct species. According 
to Bouvier the West Australian Peri pat us is remarkable for its 
multiple affinities. It is supposed to resemble P. suteri of New 
Zealand by the presence of 16 pairs of legs and by the absence of 
an accessory tooth on the outer blade of the mandible. At the 
same time it is distinguished from this species by most other 
characters and resembles P. leuckariii * in the following:— 
1, alternation of tegumentary folds; 2, reduction of the pedal 
pa pill m to three; 3, the relative dimensions of the rings of the 
soles; 4, the multiplicity of the crural glands ; 5, the analogy of 
the anal glands; 0. a certain resemblance in the unpaired portion 
of the male gonoduct. 

It- is, however, different from all other species in the possession 
of crural glands on the first legs—glands of enormous length. 
It is supposed to be unique in the constant presence of 16 pairs 
of legs with 3 papilhe. Its unpaired male duct is supposed to 
be really like no others. In short, it is supposed to present a 
mixture of primitive characters with others indicating a long 
evolution. These may be classified as follows 


Prhiiitire Characters. 

L Crural glands opening on 
each leg. 

2. 16 pairs of legs. 


A draa ced Characters . 

1. No teeth on outer blade of 

mandible. 

2. Pedal papilhe reduced to 

three, 

3. Seminal receptacles atro¬ 

phied. 

4. Character of male gono¬ 

duct. 


I do not consider that we can lay much stress upon affinities 
which are only indicated by the presence of 16 versus 15 pairs of 

* P» Ivuckartn is talon as the correct name for the common Peripatiw of the 
East, usually designated P. orientate by Bouvier. For a discussion on the nomen¬ 
clature of this species st-e Dendy (Q- J. M. 8. voh xlv. p. 388, and Zoo}. Am.. I POO, 
pp. 175-177). 
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legs or tlm juvsonee m* absmicr of mi accessory tooth on the oumr 
mandible-blade. Surely some such change as this eoulii have 
occurred as a, mutation over and over again. In any ease the 
West Australian species occurs iu two forms, one with lb and 
one with 15 pairs of leys, so that the resemblance to T. suteri 
does not hold good. 

As a. matter or fact Penpcdohles oeciJeatulis approaches most 
closely Per ij>ato hies lenehartiL and in addition to the resem¬ 
blances noted by Bouvier we may add that reeeptacuia, semimhes 
are present in both forms. The species is, however, very distinct 
h*om nil other Peri pat us species, and thus from all the other 
Australian species (which is not surprising seeing that the two 
Pori pat us regions are separated by over two thousand miles, the 
greater part of which is country quite uninhabitable by Peripatus) 
Sri the presence of extraordinarily long crural glands opening on 
the first pair of legs. The northern variety is the only known 
Peripatus in Australia having 16 pairs of legs. 


SUMMARY OF RESULTS OF GENERAL IMPORTANCE. 

(■/. e. probably applicable to most if not all species of 
Onyohophora.) 

I. The t;ells of a certain part of the so-called nephridium— 
that which opens into the terminal ccelomic vesicle—bear 
long and well-developed cilia. Thus cilia occur in the 
excretory ducts of Peripatus as well as in the repro¬ 
ductive organs. 

\ L Urn ml glands do sometimes occur in the female, but do 
not seem to possess any ducts. 

HI. Tim trachea* of Peripatus possess a characteristic spiral 
supporting fibre. 

(This has been a. disputed question for many years.) 

IV. The trachea* of Peripatus, although, running a. separate 
course* for some distance from the tracheal pit, eventually 
branch (see PI. II. figs. 7 & 8). 

V. spermatogenesis does not take place in the testis hut in 
"the seminal vesicles. This discovery, made originally 
by GaflVon, seems to have been lost sight of in most 
descriptions of Peripatus. 
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DESCRIPTION OF FIGURES. 

Plates I.-V. 


Peri-pa tuiiles occidental is. 

Fig*. I. Dissection, showing slime gland, alimentary canal, and salivary gland. 
X 5.W 

2. Dissection, female, showing reproductive organs and nephridiu. X 51. 

3. Dissection, male, showing reproductive organs and crural glands. X 6.). 

4?. Pimtoniivrogvaph. Transverse section, showing large seminal vesicle 

lying above alimentary canal and crural papilla retracted, 

5. Longitudinal section. Salivary gland. X 400. 

0. Inner face of body-wall in freshly dissected specimen, showing arrange¬ 
ment of main trachea*. The piece extends across the two ventral 
nerve-cords, and lateuilly up one side and beyond tin* mid-dorsal line. 
The positions of three legs are shown (N). X 20. 

7. Alimentary canal-wall under low power, showing trachea* branching. 

x wtt. 

8. Tracheal branching. X 040, 

9. Tracheal tube, showing spiral thickening. X 800. 

10. Section through crural gland. X 100. 

11. Nephridimn in longitudinal section, showing cilia. X 240. 

12. Photomicrograph of ciliated part of nephridimn. 

13. Opening of vas deferens into vosicula seminalis, section to show structure 

of wall. X 2*HI. 

14. Photomicrograph of section through vcsicula seminalis, showing sper¬ 

matozoa and spermatogenesis. 

1.5. Transverse section. First part of vas deferens. X 200. 

10. Median part of vas deferens, with mass of spermatozoa. X 200. 

17. Terminal thick-walled part of vas deferens. X 200. 

18. Longitudinal section. D nc t u sej a cu 1 at or i u s. X 200. 

19. Diagrammatic transverse section in plane of last pair of legs. X 24. 

20. Diagrammatic transverse section in plane where vas deferens crosses below 

nerve-cords posteriorly. X 24. 

21. T. 8. Part of wall of anal gland of male. X 240. 

22. Diagram showing connections of receptacula seminis with oviducts, and 

ovaries. X 200. 

28. T. S. Infundibular region of oviduct. X 200. 

24 L. S. Wall of ovary and oviduct. X 240. 

25. T. S. Duct of receptaculum seminis. X 280. 
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EXPLANATION OF LETTERING. 


A. 

Anus. 

Or. Pap. 

Oral papilla. 

And 11. 

Anal gland. 

Ov. 

Ovary. 

Cil.U, 

Ciliated portion of ueplm- 
dium. 

Ovid. 

Pii. 

Oviduct. 

Pharynx. 

Cm. 

Cmlomic cavity. 

Eee.Som. 

Receptacvdum sent in is. 

CoU.Vus. 

Collecting vesicle. 

ltect. 

Rectum. 

Or.G 1. 

Crural gland. 

SnLGl. 

Salivary gland. 

Cr.Gl/ 

Crura,! gland oflst leg. 

Hal.U.d. 

Salivary uland duct. 

Cr.Gl/ 7 

Crural gland of last leg. 

i S.V. 

Seminal vesicle. 

('rur.pap. 

Crural papilla. 

Cuticle. 

! SI i.('ll. 

Slime gland. 

Out, 

! s p- 

Spermatozoa. 

Kpid. 

Epidermis. 

; Tcs. 

Testis. 

ICt. 

Heart. 

i Ut. 

Uterus. 

N. 

Position of leg. 

: Vag. 

Vagina. 

N.C. 

Nerve cord. 

; Vas.def. 

Vas deferens. 

Neph, 

Nepliridium. 

: Vas.def.r. 

Yas deferens of right side. 

Neph/ 

Ditto of 4th and 6th legs. 

Vas.def.l. 

Ditto of left side. 
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21. Notes on Marine Wood-boring; Animals.—I. The Ship- 
worms (Terediiiula:). .1 >y \Y. T. ( ’almas, D.Se. 

(Submitted tor Publication l»y permission of the Trustees of tlie British Museum.) 

[Received April 27, 1.020: Read June 1, 1920.] 

(Text-figures 1-11.) 

The specimens discussed in this paper were collected, for the 
most part, on behalf of a Committee appointed by the Institution 
of Civil Engineers to inquire into the deterioration of structures 
exposed to sea-action. Tins Committee, at my suggestion, re¬ 
quested its correspondents at various seaports to send in speci¬ 
mens of animals damaging the timber of harbour works. The 
result bits been to got together a collection of very considerable 
importance, both from the point of view of the practical engineer 
and from that of the scientific zoologist. . A set of the specimens 
will ho placed in the Museum of the Institution of Civil 
Engineers, and the remainder have been presented by the 
Committee to the British Museum (Natural History). 1 desire 
to express my sense of obligation to the members of the Com¬ 
mittee, more especially to the Chairman, Sir William Matthews, 
K.U.M.G., and "the Secretary, Mr. P. M. Orosthwaite, as well as 
to the. various harbour engineers named below, by whom the 
specimens were collected and preserved. 

In dealing with the Terediukke I trespass with reluctance on 
the domain of the malaeologists. It is only the'impossibility of 
finding a student of Mollusca ready to undertake the description 
of the collection that leads me to publish these notes, to which, 
however, the very accurate figures drawn hv Miss G. M. Wood¬ 
ward may give some permanent value. .1 am indebted to my 
colleagues, Mr. B. II Woodward and Mr. G. 0. Hobson, for much 
guidance and help in exploring the literature and in examining 
the Museum collections of Mollusca. 

Many writers have commented on the difficulties that stand in 
the way of a systematic* study of the Teredinidte, The lack of 
agreement as to the characters to be regarded as generic is 
strikingly shown in the recent synonymy of several species, while 
the inconstancy of specific characters drawn from the valves of 
the shell was commented on long ago by Forbes and Hanley 
(Hist. Brit. Mollusca, i. p. 87 (1848)). These difficulties I cannot 
pretend to have solved, but some general considerations suggested 
by study of ray material may be worth recording. 

"The changes in form of the shell-valves during growth seem to 
have received little attention, although several writers mention 
the obvious fact that the number of the stria? on the anterior 
and antero-median divisions of the valves increases with age. 

■ Together with this, however, there goes on a 'resorption of the 
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posterior margin, l)eginiiing on the dorsnl side. just behind the 
hinge-knob, and extending downwards. The rapidity and extent 
of this erosion appears to differ in diiferent species. Incon¬ 
spicuous, as a rule, in T. navalis *, it becomes very marked in 
certain tropical species. For example, in many specimens of 
Teredo mannii , mentioned below, the auricle and nearly the whole 
of the postero-niedinn area, have been removed, while the antero¬ 
median (vertically striated) area occupies the greater part of the 
surface of the valve. It may he suggested as a possibility that 
the absence of extensive erosion in most specimens of T . -naval is 
is due to the fact that this is a short-lived and indeed almost am 
annual species, the individuals rarely surviving the winter, while 
the much larger T. mannii may be longer lived, the individuals, 
perhaps surviving for several years in the warmer waters which 
it inhabits. From the practical point of view it would be very 
important to ascertain the duration of life and the rate of growth 
in the different species. 

Genus Teredo Linn. 

Hedley (Proc. Linn. Soc*. 1ST. 8. Wales, xxiii. 1898, p. 92} 

regarded the presence of a “cup-shaped mantle which. 

surrounds the bases of siphons and palettes” as the chief 
distinctive character of a genus to which he applied at first the 
name Calohates of Gould, and'latex* (Mem. Austral. Mus. Sydney * 
iii, 1899, p. 508) Xcmsitoria (i. e. Namitora) of Wright. Hedley 
states that the type of the genus Teredo , “ according to the 
figures of Forbes and Hanley and other writers,” entirely lacks 
this structure. The accompanying figure (text-fig. 1, A) is taken 
from a well-preserved specimen from the estuary of the Thames, 
for which I am indebted to Dr. W. M. Willoughby, Medical 
Officer of Health for the Port of London. This specimen appears 
to be referable, without doubt, to the typical r J.\ navalis Linn. 
It will be seen that the base of pallets and siphons is surrounded 
by a fleshy collar or fold of the mantle, entirely similar to that 
found in Teredo mannii and various other species which Hedley 
refers to Xausiiora or Calohates . 

Teredo navalis Linn, (Text-fig. 1.) 

Teredo navalis Linnaeus, Byst. Nat. ed. x. 1758, p. 651; Forbes 
and Hanley, Hist. Brit. Mol], i. 1848, p. 74, pi. i. figs. 7, 8, 
pb xviii. figs. 3, 4; Gatliff and Gabriel, Proc. B. Soc. Victoria, 
xxviii. (n,s.) 1915, p. 117. 

% Teredo pedicellata Quatrefages, Gwyn Jeffreys, Brit. Conch, 
iii. 1865, p. 174, and v. 1869, pi. liv. fig. 3. 

# &wyn Jeffreys’ description of tlie “ van dunrirata ” of 7.\ normqica, t he 
” var. ocelusa ” of T. navalis, and the analogous varieties of other species, its well as 
the specimens named by him in the Norman collection, suggest that these varieties 
are based on unusually old specimens, in which the antvro-median area occupies a 
much larger portion than usual of the surface of the valves while the auricle has 
been almost completely removed. 
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IjocallUf. .Simon's Town, South Africa. Specimens forwarded 

by Lieut. L. II. A. SI indwell, JLN.V.Il., Officer in charge of 
Works. II.M. Dockyard. From Blue Gum timber. Ordnance 
Jrhd-y, E yard ; from Pitch Pino, Old Ordnance Jet-tv, E yard 
and from creosoted Danzig, A, No. 3 slip, 

Umnurkn. — Teredo navalis and T. pedicdlata have both been 
recorded by (hitIiif a,ml Gabriel from Victoria., but, so far as I 
know, neither has been recorded from South Africa. 

Son 10 of our South. African specimens agree very close!v, as 
regards the structure of the pallets, with specimens from 
Alderney in the Norman collection determined, apparently by 
Gwyn Jeffreys, as T. pedicellata. Jeffreys himself remarks "that, 


Text-figure 1. 



Teredo mmiis Lima 

A, Siphons and associated structures in a specimen from the estuary of the 
Thames at Gravesend. The fleshy collar at the base of the siphons lias 
neon divided and reflected, showing the insertion of the right pallet from 
the inner side. B. Bullet of a specimen from Simon’s Town. Actual 
length about 5 mm. 


this is not a satisfactory species,’ 5 and the identification of his 
specimens with the form described by Quat refuges appears to 
be largely conjectural. Quatrefages’s description (Ann. Sci, Nat* 
Zool. ser. 3, xi. 1841), p. 26) contains little to suggest it except 
the statement that the pallets are coloured dark brown. In the 
Alderney specimens and in some of those from South Africa 
(text-fig. 1, B). the stalk of the pallets may be as long and less 
than one-fourth as wide as the blade. The blade is flattened on 
the inner and convex on the outer surface, with the basal half 
calcified, white, and nearly opaque. The distal half is mostly 
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composed of a more or less translucent horny material varying in 
colour from yellowish to dark brown, within which the distal end 
of the calcified part is seen to project, ns a. rounded cone, On the 
outer surface, the central area, of this horny part is occupied by 
a calcitied plate, rectangular or irregularly rounded in outline, 
which readies the distal but not the lateral margins. The distal 
end of the pallet is concave or notched, with a more or less deep 
central conical pit. 

The structure described above is most easily seen in the 
smaller specimens from South Africa, measuring about 40 imn. 
in length of body and having the pallets about 5 mm. long. The 
Alderney specimens are a good deal smaller. In some South 
African specimens of about the same size, howexer, the distal 
calcified plate cannot be seen, and in some larger specimens the 
basal calcification, instead of penetrating into the interior of the 
homy part, extends up along its lateral margins. In the largest 
specimen of all, in which the body is a foot long, the pallets are 
wholly calcified, with the distal portion slightly yellowish but 
not horny. This large specimen docs not appear to differ in any 
but the most trivial details from European specimens referred 
to T. naval is. The valves of the shell afford no distinctive 
characters; 

In the absence of any more satisfactory definition of the 
supposed species T. pedieellata , all our South African specimens 
may be referred to 1\ navalis . 

Teredo xuiivagica Spangler. 

Teredo nor vay tats Spengler, Skriv. Nat. Selsk. Ivir/Jienluivn, ii. 

1792, p, 102, pi. in figs. 4-0, 33; Forbes and Hanley, Hist. 
Brit. Idol!, i, 1848, p fifi, pi. i. figs. 1—5; (normjiea) Club nan, 
[Marine Borng Animals, Brit. Mus. Nat. Hist. Economic Scries, 
No. 10, 1919, p. 9, fig. 2, p. 15, fig. 5. 

Teredo hriajuleril belle Ohinje, Memorie &e. iv. 1829 (1830), 
p. ,32, pi. 54. figs, (i 12, 13; ttuter, Manual N. Z. Moll. 1913, 
P* 1019, pi. h\ tigs. 7 a-d; Gat.liff and Gabriel, Proe. R, Hoc. 
Victoria, xxviii. (n.s.) 1910, p. 118, pi. xiii. tigs. 9 & 12. 

.Remarks. — St iter recorded this species from Auckland, where, 
however, he considered that it was in process of being .displaced 
hy Xylotrya saulll (i. e. X. australis). It is therefore of interest 
to note that the latter species alone occurs in the collection which 
we hjve received from Auckland. 

Suter 1ms adopted Delle Chiaje’s name for this species on the 
ground that Spenglers was “not binomial/* and he is followed 
by Gaidii.fiand Gabriel. It is true that, in the part of Spenglers 
memoir which deals with the genus Teredo (but not in that 
dealing with Pkolas ), the specific name is followed by a comma, 
not by a full stop. Those who consider this an adequate reason 
for displacing a name long in use and widely known will, no 
doubt, continue to refer to this species as T. hruguierii. 
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Trukdo maxnii: Wright. (Text-ligs. 2 & 3.) 

Kuphm manna Wright, Trans. Lion. 8oc. xxv. pt. 3, 186(5, 
p* h(h>, pi. Ixv. figs. 1-8 ; Hedlev, live. Austr. Mus. iii. 1899, 
p. 134. 

Namitoria nmnni lied lev. Hep. Austr. Ass. Adv. Sei. viii. 
1901, p. 248. 

.Locality t , — Brisbane, Queensland. Specimens forwarded by 
Mr. E. A. Cullen, Engineer for Harbours and Envers. • From 
deities tfec. in river 5 or (5 miles from Moretou Bay, in Ironbark 
{lineal ijpim ■paniculata) and Pine {Araucaria cannhic/Jmmii). 

Remarks .—Of this species, already recorded bv Hedlev from 
Cooktown, in the north of Queensland, the holotvpe, from 
Singapore, is in the Museum collection. Unfortunately, it has 
been allowed to dry, but it has been possible, by soaking it in 
water, to extract the valves and pallets and to restore the siphons 


Text-figure 2. 



Teredo mama (Wright), from Brisbane. 

A, Outer, B. Inner surface of pallet. 0. Siphons and associated structures. 
The fleshy collar has boon divided and the right pallet removed. 


to something like their original form. In all the diameters thus 
ascertained the specimens now recorded from Brisbane show a 
close resemblance to the holotypo. 

The most characteristic feature of the species is the form of 
the pallets (text-fig, 2, A & B), The blade or expanded portion 
is roughly crescentic in shape. The concave distal edge lias a 
convexity in the centre, giving it somewhat the outline of a 
cupid’s bow, and the convexity is usually, but not always, incised 
by a narrow median notch. The inner surface of the blade is 
Hat, the outer excavated distally; along the margin of the 
excavated area is a border of dark brown horny substance which 
is continued along the distal margin of the inner surface. The 
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remainder of the surface of the blade is chalky 'white, and the- 
material composing it envelops the distal end of the more trans¬ 
lucent stalk and ends in a, sharp irregular line*. 

The valves of the shell in all the specimens I have examined 
show, to an unusual degree, the effects of secondary absorption 
already referred to. This is marked, not only in the dorsal 
region, posterior to the articular knobs, as in the valves of more 
normal Teredinidtv, but along the whole of the posterior margin 
as far as the ventral articular knob. In most specimens the 
whole region of the auricle has disappeared and the greater part 
of the postero-median region. In some specimens, as in the 

Text-figure 3. 



Teredo mannii (Wright), from Brisbane, 

\ alvcs of shell. A, Right, R. Left valve of a specimen in which the eroded area 
l.seen m h) only occupies the upper margin, while the lower part of the 
awicte still persists. C. Right valve of a specimen of about the same 
size m which the erosion extends down the posterior margin as far as 
the lower point ot the shell and the auricle has been entirely removed. 


holotype, this latter region is represented by a narrow border 
along the greater part of the hind margin; in one of the 
specimens figured (text-fig, 3, 0) it lias been entirely removed 


of al h sSe?.!!,Vlw.Tv ? 1 toi,,t « d . <mt by WiMit, between the pallet* 
or rmy species and those ot Kaphas arena ruts as figured by J, 13. Gray k vow 

spSaro ctwtf 114 ™ 01113 * 1 ®* 0 tlle ' wilU)ly ai * mut habitat of the last nraxwd 
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except for a- small piece near the ventral angle. In another 
specimen (text-tig. 3, A, B), in which the lower part of the 
auricle still remains, it extends only a, very little below the level 
oi: the anterior division of the valve; on the inner surface it 
is not defined anteriorly, passing with quite unbroken surface 
into the postero-median division. 

The siphons (text-fig. 2, 0), of which the ventral, or inhalent, 
slightly exceeds in diameter the dorsal, or exhalent, are separate 
quite to the base. The fleshy collar which surrounds them is of 
considerable size, and, in the contracted state of the preserved 
specimens, conceals the siphons for about half of their length. 


Genus Xylotrya J. E. Gray, 

Xylotrya (Leach MS.) J. E. Gray, Proc. Zool. Soc. 1847, 

p, 188. 

Whatever Leach’s Xylotrya may have been (the reference by 
Menke, Syn. Mcth. Moll. 2nd ed. 1830, p. 121, and the description 
by J, E. Gray, Syn. Brit. Mus. 44th ed. 1842, p. 76, suggest that- 
it was the genus now known as Xylophaga ), the name appears to 
have acquired validity only when Gray in 1847 referred to it the 
Teredo bipahmlata of Lamarck. 

The species of the genus are for the most part sharply 
differentiated from those of Teredo by the segmented blade of 
the pallets. This blade is composed of a series of hollow cones 
successively on,sheathing one another and arranged on a central 
axis forming a continuation of the stalk. The only approach to 
a transition between the two genera that I have seen is found in 
Xausitora dunlopei Wright, in which the ensheathing cones are 
very numerous and closely set, and appear, in the solitary type- 
specimen which I have examined, to lie partly consolidated on 
the inner surface. They thus come to resemble the lamina? of 
which tli© blade is built up in some, at least, of the species 
of Teredo , differing from them, however, in their more regular 
arrangement 

Many of the species referred to this genus have been only im¬ 
perfectly described, and still more imperfectly figured. Possibly 
the two species to which new names are applied below may he 
identical with forms already named, hut they are certainly 
distinct from any in the Museum collection. 

Xylotrya australis, sp. n. (Text-figs. 6, 7, <& 8.) 

Gcdobates scmlii Medley, Proc. Linn. Soc. X. S. Wales, xxiih 
1898, p. 94, figs. 7-9. 

Xmmioria scmlii Medley, Hep. Austr. Ass. Adv. Sci. viii. 1901, 
p. 248, pi. x. fig. 5. 

# Of. Fischer, Journ. Conchy], v. 1856,-p. 131. 
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Ten do ( Xyloirjjn ) said li Suter, Man. N. Z. .Moll. 1913, p. 1021, 
pi, Iv. Jig. 8, a, U\ Gatlilf and Gabriel, Rsnc. Hoy. 8or. Victoria, 
(u. s.) xxviii. 11) Ui, p. 181, pi. xiii. tig. 11. 

,Xec Xausitora saulii Wright, Trans. .Linn. Sue. xxv. 1866, 
p. 567, pi. Ixv. ligs. 9-15. 

Localities .—Brisbane, Queensland. Specimens forwarded by 
Mr, E. A. Cullen, Engineer for Tlnrbovirs and Rivers. From 
Jetties &c. in river 5 or (> miles from Moreton Bay, in I.roubark 
(EncalffiAus panicfdata ) and Hardwood ( E. •maodafa). 

Auckland, New Zealand. Specimens forwarded by Mr. Mainer, 
Engineer to the Auckland Harbour Board. .From Kauri and 
Black Butt timber. 

Remarks. —Wriglit states that the type-specimens of his 
Xaasltora multi , which were presented to the British Museum by 
Miss Saul, came from Port Phillip, Australia., and it is perhaps 
this statement rather than any very exact correspondence with 
his description or figures that has led Australasian naturalists to 
apply the name to the species common in Australian and New 
Zealand waters. It. appears, however, that Wright's statement 
was in error. The specimens in the Museum collection labelled 
as 44 Types” and presented by Miss Saul are stated, on. the label 
and in the Register of Mollusca, to be from Callao, Peruf, It is 
true that none of the valves or pallets can be definitely recognised 
as the original of any one of Wright’s figures, but there are 
two characters in which these specimens agree closely with his 
account; the auricle shows, on the inner surface, a series of 
conspicuous curved ridges indicated in Wright’s pi. Ixv. fig. 10, 
and several of the pallets have the outer surface worn away so 
as to expose the u central core-like body” mentioned in the 
description (p. 568) and shown in pb Ixv. fig, 15. 

These type-specimens, however, appear to me to be specifically 
distinct from those I have examined from Brisbane and Auckland, 
which undoubtedly belong to the species called. jV. mul'd by 
Medley and other Australasian naturalists. The chief differences 
may be briefly stated as follows:— 

AT multi ( Wright) (text-figs. 4 <fe 5). Dorsal outline of valve 
sloping steeply without break into the upper margin of the 
auricle, which exceeds half the total depth of the valve and. 
descends cm the bind margin for jnore than half the distance 
from the anterior notch to the ventral edge. The auricle is 
marked with rather widely spaced lines of growth which, espe¬ 
cially on the inner surface, appear as strong curved ridges. The 
anterior border of the auricle on the inside overlaps as a narrow 
band and is closely appressed to the inner surface. The pallets 
(text-fig. 5) have the segments strongly calcified and closely set, 
the average interval being estimated at not more than one-fifth 

# Sitter (Hsin, N.%. Moll. 1913, p. 1022) mentions Callao among the localities 
for the species, hut states that the type is from Port Phillip, I do not know the 
source of his information, '■ 
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ol the width. lim distal edges ot the segments are aeutelv 
V-shaped (this may he partly hut not altogether due to their 
being worn away), a nd no trace or serration, can be seen in any of 

Text-iigure 4. 



Xi/Jotri/a sir it Hi (Wright). Syntypo from Callao. 
A, Right, U. Left valve of shell. 


Text-figure 5. 



JY;t/fah\m snulii (Wright). Syntype from Callao. Pallet. 


Text,-figure G. 



Xylotrm australis, sp. n. Syntypo from Auckland, 

A, Right, B. Left valve of shell. 

the specimens* The stalk is smooth. ' The soft parts are un¬ 
known* The valves' measure up to. 7*3 mm. in length ami a little 
less in depth. ■. 
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X. australis, sp. n. (text-figs. 0, 7, it K). Dorsal outline form¬ 
ing a distinct angle ol* concavity at the haso of tint auricle, which 
is not more than half the total depth of the valves and descends 
on the hind margin for not more than half the distance Irom the 
anterior notch to the ventral edge. The lines of growth on the 
auricle are much more closely set and less prominent, and are not 
at all conspicuous on the inner surface, dike anterior border of 
the auricle on the inside overlaps as a broader band which is 


Text-figure 7. 



Xylotrya australis, sp. n. Syntype from Auckland, 

A, External surface of pallet. B. Single segment of 
the pallet, further enlarged. 


generally slightly raised froin the inner surface. The pallets 
(text dig. 7) have the segments thin and fragile and more widely 
spaced, the average interval being estimated at about one-third 
of the width. The distal margins of the segments are concave 
or obtusely V-shaped, with a delicate membranous border, at the 
base of which the calcified portion shows a series of coarse and 
somewhat irregular serrations which become very conspicuous in 
dried specimens. The stalk is smooth and shorter than threo 
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■tiiu 5 os the width oi Mu* distal part. The siphons ( text-fig. 8) a,re 
adherent ior two-thirds of their length in preserved .specimens. 


Text-figure 8. 



Xyhtryu. australis , sp. n. Syutype from Auckland. 

'Siphons and associated structures from the right side. The fleshy collar 
has Won divided and reflected, the pallets remaining attached. 


Text-figure 9. 



Xylotrya capensis, sp. n. Syntype from Simon’s Town. 
A, Bight, B. Left valve of shell. 


The largest complete specimen (from Auckland) is about 35 cm. 
long in the preserved state. The valves measure up to 13*5 mm. 
in length and about the same in depth. 
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Xa'LOTIIVA CAPKXSIS, H}>. 1 ). (Tcxf-flgS. 0, 10, & 1 I.) 

Locality. Simon’s Town, South Africa. Specimens forwarded 
by Lieut, L. TL A. Sluulwell, ILX.'Y.it., Oillcer in charge or 
Works, ILM. Dockyard. From Kluo Gum timber, Ordnance 
Jetty, E yard, ami from Pitch Pine, Old Ordnance Jetty, E yard. 
Description.—Vi a, Ivor of shell (text-fig. SI) with dorsal outline 
not steeply sloping posteriorly, where it is defined from ilie 
auricle by a shallow concavity. The auricle is very deep, exceed¬ 
ing half the total depth of the valve and extending downwards 


Text-figure 10. 



A j/lotrya capnmx, sp. n, Hyntype from Simon’s Town, 


Av Distal portion of pallet. B. Stalk of pallet- (!, Single segment 
of pallet, further enlarged. 


for about half the distance from the anterior notch to the ventral 
edge. The lines of growth on the auricle are rather closely set 
and not conspicuous on the inner surface. The anterior border 
of the auricle on the inside overlaps as a broad band, which is- 
distinctly raised from the inner surface. The pallets (text-fig. 10) 
have the segments thin and fragile and closely set, the average 
interval being estimated at one-sixth of the width. The distal 
margins of the segments are regularly crescentic (on the outer 
surface) with a broad striated membranous border but without 
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;Uiy tracnol surrati<m. On each side the bonier is produced as 
a, long filament which extends beyond three or four segments in 
Iroidi. i he stalk is minutely roughened and, in the specimen 
measured, nearly five times us long as the width of the distal 
part. The siphons (text-dig. 11) are adherent for at least live- 
sixths ol; their length in preserved specimens. 

The largest complete specimen is about 30 cm. long in the 
preserved state (excluding the pallets). The valves measure 
I3T> mm. in length by J 1*3 mm. in depth. The pallets are about 
Id nun. long. 


Text-figure H. 



JC'i/?otrj/a eapens is, Bp, n. Synfcypc from Simon’s Town. 

Siphons and associated structures from loft side. Tim testy collar 
has boon divided and reflected, the pallets remaining attached. 

Remarks ,—In the structure of the pallets, especially in the 
elongated peduncle, the broad, closely-set segments, and the long 
lateral filaments into which they are produced, this species differs 
from all those of which I have seen specimens. Blainville’s 
description of the pallets of X, penuatifira , with the segments 
“pourvues de chaque cote d’uu long cil” suggests a comparison 
with our species. Specimens in the Museum collection referred 
to X . penny,tifem, however, differ widely, having the segments 
but little wider than the stalk and bearing a fringe of filaments 
in place of the striated membranous border. 


Proa Zoom Soo,— 1920, No. XXVII, 
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22. Report ou Hnlozoa, collected from Animals which died 
in the Zoological Hardens of London during Eight 
Months oE 11110-1020, By Gr.'M. Vkvkrh, M.U.U.S., 
L.R.H.P., F.Z.S., Beit Memorial Research Fellow, 
Demonstrator in Helminthology at the London School 
of Tropical Medicine, and .Honorary Parasitologist Io 
ihe Zoological Society of London. 

[Received June 1,1020: Hoad Juno 1, 1920. j 

During the past eight months I have made an attempt to 
examine systematical )y for Lntozoa nil animals dying in the 
Hardens, and have attended post-mortem examinations of four 
hundred an in ads for this purpose. 

Before the body was actually opened, a microscopical exami¬ 
nation of the fieeos was made, whenever practicable, for ova and 
embryos of Entozoa which would give some indication of the 
parasites harboured, a,nd would direct attention to the particular 
regions for special search. 

Whether this preliminary investigation gave a positive or 
negative result, a subsequent search of all organs was carried out. 

I ha,ve also applied this method of diagnosis 1o living animals 
in the Gardens, and these examinations have in some cases given 
positive results. On the death of the animal the diagnosis has 
been confirmed by the discovery of the adult parasites; for 
example, the Oylielmostomes recorded from the Grevy’s Zebra in 
the accompanying chart were detected in this manner. 


Of the four hundred animals examiifed 76 or 19 per cent, were 
found to harbour parasites. 


The .Enbozoa 

found fall into 

the following 

Phyla and 

Classes 

PLAT’YITELMIA. \ 

f Oestoda . 

Number 
of Species* 
found. 

15 

Percentage. 

21-40 



-10*00 

1 

1 Trematothi . 

. 7 

j 

r Nemaloda.... 

45 

<>4-40 

Nemathelmta. \ 

[ 


4-20 

1 

[ AcantlioeephiUa 

3 


Total .. 

70 

100*00 


In all cases of Nematoda and Acanthocephala there was a pre¬ 
ponderance of female forms. In four cases females only were 
found. There were LI animals which harboured more than one 
species of parasite. In a Leopard Oat (Felts Iwfigalemis) as many 
as five different species were found. 

The material afforded a valuable opportunity of determining 

■ ■ f , ' 27*' 
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f,lie length of life of )mi*nsit.os of various groups in their hosts. 
Very little reliable information has been gathered on this im¬ 
portant point. The evidence given hv the incidence ot parasites 
which have intermediary hosts is, of course, more trustworthy 
than that of forms which have a. simple life-cycle. In the latter, 
infection is accumulative, and may cither he acquired in the 
paddock or he brought into the Gardens on food : thus nine 
examples of Gu sir odi sens aup/ptiaeus were found in a. divvy** 
Zebra which had been in the < hardens for six years. This parasite 
normally occurs in Africa, and requires us an intermediary host 
a. freshwater mollusc {(Jleopatrti’ bulmmdcs) which has not been 
recorded from Europe. There cmi he no doubt, then, that the 
specimens found, had actually Lived in the Zebra since it, canto 
from Africa, and were, therefore, over six years old. 

In the same Zebra were a number of species of Bursal,e 
Nematodes, some of which have been recorded both from Africa, 
and Europe. The life-cycle hero is a simple one. That it is not 
possible to draw trustworthy conclusions in such a ease is well 
illustrated by the findings in an Onager {Eqnns ouatjer) which 
died quite recently, A number of the same species of parasites 
which occurred in the Zebra were found in this Onager, which 
had been born in the Gardens. 

Two of the species of Cyliclmostonies in the Gravy’s Zebra had 
not been previously recorded, and it is possible that those were 
originally imported, but the infection may have been renewed 
in the paddocks. In this connection it is noteworthy that a 
Chapman’s Zebra, which died last year, after nine years in the 
Gardens, had only species of Bursa,te Nematodes which occur in 
European Horses. 

"We have, as another example of the contaminative group which 
might accumulate in the Gardens, an apparently unrecorded 
species of Atractis in the Elephant. Many specimens of this 
Nematode were found in the Indian Elephant which died in 
December last and which had been in the Gardens for twelve 
years. Recent examination of the faeces of the Elephant, living 
in the next paddock showed that this one also is heavily infected. 

The minute but fully mature females of Atractis are passed 
front time to time in the.faeces, and these contain embryos so far 
advanced as to have the adult form. If these embryos are 
discharged by the .mother worm in the intestine of the host, 
it is conceivable that they might attain sexual maturity almost 
immediately, and would then provide an exception to the general 
rule that parasitic worms do not produce a second generation of 
adult forms within the body of their definitive host. 

The following points of especial interest were noted in 
individual species of Parasites :— 

Two specimens of Gnathostouia spinigerum were obtained from 
the stomach of a Leopard Cat {Felds bengedensis). A dissection 
of the head-parts of a still living worm showed that the neck- 
glands are hollow and contractile, and contain a fluid which plays 
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n, part in altering the size of the head, thus supporting the view, 
as to the function of the c; ballonets,” recently put forward in a 
paper read before this Society by Bay]is and Lane*. 

A' microscopical examination of the twees of the same Leopard 
Oat. showed many minute Nematode embryos. A similar exami¬ 
nation of the stomach contents gave the same result, but no 
adults could be found in this or any other of tlie neighbouring 
organs. However, in the mucosa of the (esophagus and naso¬ 
pharynx the same embryos were present, but- here each was 
coiled up in an exceedingly thin membranous shell. The pre¬ 
sence of these viviparous eggs in the nasopharynx led to the 
discovery of the adult worms in a most, unusual position, for the 
frontal sinus was next explored, and here large numbers of a 
species of Synthelocaulus were found. So far as we have been 
able to ascertain, this species is new to science, hut it is closely 
allied to 8. rvfescms, which occurs occasionally in the lungs and 
air-passages of the Sheep in Europe. 

It is of interest to note that for some time before death the 
animal suffered from “fits”and was often seen to lose its balance 
and fall. These “ tits,” and loss of equilibrium were no doubt 
due to the presence of SipUhetocaulus in the frontal sinus. 

Further examination of the fauces from the same animal 
showed many Trematode ova., which were recognized as those of 
Parrajoudmus irentermannL The lungs were then searched, and 
four specimens of the adult Ihtke found. The number of eggs in 
the fauces was exceedingly large considering the few adulls which 
gave rise to them. 

[ am indebted to Professor It. T. Leiper for his invaluable 
.assistance and advice on a number of the more intricate points 
arising in the course of the above inquiry. 


List of Parasites found, with their Hosts . 
Tremato da. 


Gantts. 

Spt'fih's. 

Host. 

Leuffth of' 
lime in 
Gardens, 

fUasirodisens 

wfsyptiacus 
(Oobbold, 1870). 
Railliot, 1898. 

(Levy's Zebra, 

(Africa.) 

0 years. 

fNotocotyle 

trberialis 
(Diesing, 1839). 
Diesing, 1850. 

(2) Netta rutiua. 

(India.) 

1 week. 

Paragon imus 

westemianni 
(Leuekarf, 1889). 
Stiles, 1900. 

Pel is bengalensis. 
(India.) 

6 months. 

Platynosoma 

illiciens 
(Braun, 1901). 

Khamphastos 

erythrorhynchus. 

3 months. 


Looss, 1907, 

, (S. America.) 



* P. 55. S, 1920, p. 245. 
f Denotes that this Parasite lias not been 


recorded before from this Host. 
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Length of 
time in 
(Lt Mens, 


Species. 


Host. 


fOehetosomu 

formosum 

Nicoll, 3‘dll. 

Emmmis Huge) li form is. 

(S. America.) 

7 months. 

Maerodera 

Cycloph 

naja (II,ml. 1810). Tropidonotus natrix. 

Looss, 1800. (Britain.) 

Cestoda. 

l/Uidea . 

o months. 

Tania 

crassieollis 
] tud. 181u. 

Geiietta genetta. 

(Spain.) 

t) months. 

Davainea 

gonra 

Fuhnnamp 1001). 

Goura coronal a. 

(Now Guinea.) 

1 week, 

Davainoa 

paueitesticulata. 
Fulirmami, 1009. 

(2) Calamus uicobariea. 
(Nicobar Islands.) 

(5 months. 

Davainea 

sp. inq. 

Fringilhi cmlebs. 
(Britain.) 

? 

Davainea 

sp. inq. 

Schizoid i i s concol or. 

(S. Africa.) 

3 months. 

.Davainea 

sp. imp 

Oaecubis dmliur, 

(Syria.) 

10 months. 

Davainea 

sp. now 

Casuarius 

uniappemlieulat us. 
(Now Guinea.) 

(5 months. 

Davainea 

sp. 110 V 

Casuarius 

uniappemliculiitus. 
(New Guinea.) 

6 months, 

Hy mono lap is 

\ illosa 

(Bloch, 1872). 
WoltVh. 1800. 

Tetrax tetrax, 

(Britain.) 

9 months. 

Ilymenolcpis sp. imp 

(JKchiuoeatyle.) 

(11 (Judea quelca. 

(S. Africa.) 

1 mouths. 

Hyraeotajnia 

proeavia* 

Beddard, 1012. 

Procjivia capon.sis, 

(S. Africa.) 

3 months, 

Oplhotamia 

sp, imp 

Crolalus atrox, 

(Cent. America.) 

5 montlm. 

TetmbothriuK 

cvlimlmceus 
' (Ruth 1810), 
Diesing, I860. 

(2) Dams glnuuus, 
(Europe.) 

7 years. 


Pseitdophyllhlea. 

Dibotlmocephalus sp. inq. 


Conepatus protons. 2 years, 

(Argentine.) 




Nematoda. 


Asearis 

osculata. 

Rud. 1819. 

Otaria californiann. 

(North Pacific Ocean.) 

6 months. 

Ascaris 

holoptera 

Rud. 1819. 

(3) Testudo lbera. 

(8. Europe.) 

1 year. 

Asearis 

sp. inq. 

Casarca casavca. 

(Europe.) 

5 years. 


f Denotes that this Parasite has not been tecorded before from this Host, 
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Length of 

Menus. Species. Host. time in 

Gardens. 


Ascaris 

sp. imp 

Spheniscus demersus. 

(S. Africa.) 

3 weeks. 

Bel a soar is 

mystax 
(Zeder, 1800). 

Lei per, 1907. 

Felis bengalensis. 

(India.) 

0 mouths. 

Toxasoaris 

sp. inq. 

Vulpes lagopus. 

(Syria.) 

2 weeks. 

Porrociucuni 

erasKum 

(Deslongehamps, 182*1). 
RttilLet Henry, 1912. 

Grus coinmunis. 

(Europe.) 

9 years. 

Coiitrocoucum 

spiculigeriun 
(Bud. 1819). 

Haill. &> Henry, 1912. 

Plialacrocorax carbo. 
(Britain.) 

4 months. 

Oxysomatium 

hrevicaudatmn 
(Zeder, 1800). 

Anguis fragilis. 

(Britain.) 

? 

Heterakis 

vesicularis 

(Dujardin, 1845). 

Phasianus torquatus. 
(China.) 

2 weeks. 

Heterakis 

vorieulari.s 
(Dujardin, 1845). 

Ceriornis satyra. 

(India.) 

7 years. 

tOueullanus 

mierocophalus 
(Dujardin, 1815). 

Clirysema soripla rugrna. 
(West Indies.) 

1 month. 

Uimthostonm 

spinigennn 

Owen, 1836. 

Felis bengalensis. 

(India.) 

6 months. 

Ascaridia 

sp. imp 

Centropus rutipenuis. 
(India.) 

10 days. 

Ascaridia 

lineata 

(Schneider, 1836). 

(2) Ocyjihaps lopliotes. 

(S. Africa.) 

1* years. 

Physaloptora 

retusa 
(Hud. 1819). 

Tupinamhis tegtiexiu. 

(8. America.) 

1 month. 

tEsophagostomum upiostomnm 

wiiwi, lain, 

(7) Macacus rhesus, 
(India.) 

18 months 
(approx,). 

Aiu'V lostomum eoncpati 

8ola.net, 1011. 

Conepahisjmjteus, 

(Argentine.) 

2 years. 

Uucimtria 

crinifonnis 
(U 01 . 7 , 0 , 1782). 

Vulpes vulpes. 

(Britain.) 

5 months. 

lljucmavia 

sp, imp 

Felis lynx. 

(Thibet.) 

P 

Haamonchus 

coutortus 
(Hud. 1803). 

Hippotrngus equinus. 
(Africa.), 

1 week. 

Syugamus 

bronchial is 
(Mulilig, 1884). 

Casarca casarca. 

(Europe.) 

5 years. 

Cylichiiostoniuni hnparidentatum 
(Potef iostomuin). Quid. 

fCyliclmostomum goldi 

Boulanger, 1916. 

Chapman’s Zebra. 

(Africa.) 

Chapman’s Zebra. 
(Africa.) 

9 years, 

'** 

fCEsophagodontus robustus 

Giles, 1892. 

Chapman’s Zebra. 
(Africa.) 


fTriodontophorus intermedins 

Sweet, 1009. 

Chapman’s Zebra. 

(Africa.) 

J? 

f Denotes that tins Parasite has not t>cen recorded before from this Host, 
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G tints. 

ttjiccies. 

Host, 

Lent}th of 
time in 
Gardens. 

fStrongylns 

erlentatus 

Looss, 19Ul. 

Chapman’s Zebra. 

(Africa.) 

9 years. 

St rrm try lus 

vulgaris 

LoosSj 1901. 

Chapman’s Zuhra. 

” 

fProbsmuyria 

vivipara 

Huusom, 1907. 

Grevy’s Zuhra. 

0 years. 

fOylidmustonmm nassatain vm*. parvum 
Yorke «fc Mm*lie, 1918. 

Grevy’s Zuhra. 

” 

Strongylns 

vulgaris 

Looss, 1901. 

Gruvy’s Zuhra. 

” 

Stroiigyloides 

intestinalis 

Grassi, 188-3. 

Fulis bemralensis. 

(India.) 

0 months. 

Synthetocaulus 

sp. imp 

Fulis beuguleusis. 

(India.) 

” 

Oxyuris 

eijui 

Sell rank, 1788, 

Chapman’s Zuhra. 

(Africa.) 

9 years. 

Oxyuris 

Jougicollis 

Schneider, 1800. 

Tustudo graica. 

(Europe.) 

6 months. 

Filar in 

gracilis 

Dujimlin, 18-15. 

Atules grisescens. 

(S. America.) 

2 months. 

Setaria 

sp. imp 

Hippo!vagus eipiinus. 
(East Africa.) 

1 week, 

1 dplotriuma 

trieuspis 

(Fudscheuko, 1879). 
Haill. & Henry, 1909. 

Aorhlothures giugimanus. 
(India.) 

r 1 

Triclmcuphalus 

atlinis 

Hud. 1801. 

Ovis vignei, 

(India.) 

0 years. 

Tridmecphalus 

disjair 

Hud. 1801. 

Muciicus rhesus. 

(India.) 

18 months 
(approx.) 

Dispharugus 

stpiumut us 

(v. Linsfow, 1885), 

Phalaerocorax carho. 
(Britain.) 

■1< months. 

fAtractis 

sp. nov. 

Elephas iiulicus. 

12 years. 


(India.) 


At! A N THOCJBr » ALA. 


E chi n orhyn oh \ is da.v icceps. 

Clay soma, scripta, rugosa, 
(America.) 

, I month. 

(Euhinorhyuehus) sp. imp 
gen. imp 

Cidlicebus moloch. 

(S. America.) 

jj 

( Ednnorhynchus) sp. imj. 
gun. imp 

Lcontocehus ursuhis. 

(S. America.) 

3 weeks. 


f Denotes that this Parasite 1ms not him recorded before from this Host. 




ON TAILLESS IJATRACIUANS FROM EAST AFRICA. 


411 


On !i Collection oE Tailless Batraehians from East. Africa 
niiido by Mr. A. Loveriilgo in Hie years 1914-11)19. 
By Miss Joan B. 1’roctkb, F.Z.S. 

[Ueeuived May 19,192U: Bead June 15, 1920.j 

(Text-ligures 1-4.) 

'Idris collection, matin during the war, consists of examples of 
*>3 species, two of which are new, representing the families 
Ranhhe, Engystomatidie, and Bnfonitho*. Mr. Loveridge lias 
presented the types of llapp'm phUyrJmms and Megatuvalus 
loveridgii to the British Museum, together with specimens of the 
little-known species Arthroleptis slenodactylus Pfelf., Rappia 
puvtieulata Pfdl*., and many others. 

I am greatly indebted to Mr. Boulenger for much kind 
assistance in the working out of this collection. 


List of Localities. 

Tins localities fall into three divisions:— 

1. British East Africa. 

Nairobi. 

I } arklaj ids , Nair oh l . 

Basil, about 50 miles south of Nairobi. 

Danya Sahak, 30 miles from Nairobi. 

Tkiha, about 50 miles from Nairobi. 

Kayiado, about 100 miles due west of Makindu, which is on 
the Port Plorence-Mombasa Railway. 

Kedong Valley, about 100 miles from Nairobi, ami south of 
Escarpment Station on the railway, 

Xenia Forest. 

Tumn Twnm, on the road from Tliika to Mt. Kenin. 


2. Ex-German East Africa (now Tanganyika Territory). 

Gonya, about 50 miles south of Kilima-Njaro. 

Longido West, about 50 miles west of Kilima-Njaro. 

Amanif 40 miles from Port Zanga. 

Dodoma, about 110 miles west of Morogoro, on the Dar-es- 
Balaam-Tan gany ika Eai 1 way. 

Kongwa, about 20 miles north of Mpapua. 

Morogoro , about 100 miles west of Dar-es-Salaam on the 
railway. 


Tulo , 
Ditthwni, 


50 and 60 miles south of Morogoro. 


# pipicl® should also have been represented, but the large series of Xenopus 
collected were lost in transit. 
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J Ihonyct) ill tout 20 miles east of Morogoro. 

Dar-es-Balaam. 

3. PoRTii g uese East Africa. 

Lumbo. 

E A X IDA. 

Ran a, s. str. 

L Ran a nutti Blgr. * 

Nairobi. Morogoro. Longido West. 

35 specimens. Average length of adult males 55 mm,, of 
adult females 70 mm.; largest female 83 mm. 

Snout variable both in length and in degree of acumination. 

Bui >geims Tomopterna. 

*2. Ran a delalandii Bibr. 

K agi a d o. Ex-G.E.A. 

4 specimens. Length of adult females 41 ami 45 mm. 

A line white vertebral line in one specimen ; a linear vertebral 
groove in three specimens. 


Subgenus .Ptycuadena. 

3. Eana qnyrhynchus Bund. 

Thika. Nairobi. Morogoro, Duthumi. Gonya. 

72 specimens. Average length of adult males 40 mm., of 
adult females 55 mm. 

An extremely variable species. Snout- equal to or twice as 
long as diameter of eye, rounded or acutely pointed, sometimes 
very projecting. Length of tibia 14 to 1 % times in length of 
body, more often 14 times in females. Posterior corner of slit- 
like opening of male’s vocal sac in line with lower border of arm. 
No light vertebral band. 

4. Eana mascarenijsnsis D. & B. 

Nairobi. Gonya. Ex-G.E.A. 

15 specimens. Average length of adult males 47 nun,; females 
half-grown. 

Hind limb very variable in length, tibio-tarsal articulation 
reaching anywhere between eye and tip of snout.; length of tibia 
1§ to 31 times in length from snout to vent in males, 1 to 2 
times in females. Vocal sac of male in line with upper border 
of arm; 11 half-grown females have rudimentary vocal sacs. 
Markings very regular, the first two series of spots coinciding 
with the first two glandular folds, and often bisected by them ; 
almost all specimens have a broad light vertebral band, and 
often a still lighter fine vertebral line in addition. 

* “A specimen of Nutt’s frog wan taken at Kahottv which luid retained its tail 
tlwugli nearly full-grown.”—A, Lovkrtdqb, Field Notes, 
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Submenus 11 ill>ejjranj>tj.a, 

5. ’Hana oiinata Ptrs. 

Ex-G.ILA. 

1 specimen, <j> . Length 5b mm. 

Exquisitely marked with series of dark, large, elongated spots, 
broad temporal hands, barred limbs; throat ami breast mottled 
with dark brown, with the characteristic paired Y-ninrkinga. 


CiiJIlOM ANTIS. 

6. OlIIKUMANTiS X10 It AM P B JB J N A Ptrs. 

Ex-G.13.A. 

1 specimen, probably a female. Length 66 mm. 


7. CliJItOMANTlS PETERSJL 1 Blgr. 

Dodoma. Ex-G.E.A. 

3 specimens. Length 50, 55, and 51) limi, 

Inner lingers with a mere rudiment of web, outer differing 
from, those of the typo in being ^ instead of J webbed. 


PjlHYNOBATRACJi US. 


8. P i l It YNOBATEAU LI LIS SATALKNS l S Smith. 

Kagiado. Nairobi. Longido West. Morogoro, 

29 specimens. Average lengtli of adults 30 mm. 

An extremely variable species. Toes sometimes instead of, £ 
weldicd. Skin perfectly smooth or extremely warty; all male 
specimens from Nairobi are of the latter description, but three 
females from the same locality are smooth. A wide white 
vertebra,! streak in three specimens. 

9. Pile v x oh at r a oh u $ kanoidbs Blgr. 

Morogoro. Ex-G.E.A. 

2 specimens. Length of larger 33 imn. 

10. Pjl by nobat bacillus boulengebi de 'Witte, 

Morogoro. Dubhumi. Gonya* Tulo. Ex-G.E.if. 

61 specimens. Average length of adults 26 mm. 

Skin perfectly smooth or warty. Markings variable, three 
forms with ami one without vertebral bands; five specimens 
have a very broad vertebral band, two have a broad one, and two 
have a fine white vetebral line. Those four forms are shown 
in figures of P. natalensis *, P. Z. 8. 1907, pi. xxii. 

* Boulanger* “■ Second Report on the Batrachians and Reptiles collected in South 
Africa hy Mr, 0. H, Li Grant. ...” 
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11. Arthroleptjs waulbergii Gthr. 

Morogoro. Amani. 

2 specimens. Length 25 mm. 

Bark without distinct markings; dermal ridge along the 
vertebral line. Back of one specimen covered with minute 
tubercles. 

12. Arthrqleptis wiiytii Blgr. 

I specimen. Length 35 nun. 

Pale brown above, with a dark subtriangular marking between 
the eyes ; a tine dermal ridge along the vertebral line. 

13. A RTilROLEPTTS MINUTES Blgl*. 

Hernia. Forest, Nairobi. 

33 specimens. Average length 17 mm.; large specimens 22 mm. 

The majority of the specimens are dark olive, without distinct 
markings; four have a fine, and two a broad white vertebral 
line. 

14. A ETHBOLEPTIS STEXODACTYLUS PfetT, 

Morogoro. Duthumi. Ex-G.E.A. 

10 specimens. Average length of adults 32 mm. 

Tills species, described by Pfeifer * from a. single female from 
Kihengo, is new to the collection of the British Museum. 


Text-figure. 1. 



\ 

Hand of mult* and female AdhroU^tis stemdacU/lus. 


Underside, X 2. 

Head broader than long; canthus rostralis obtuse; loreal 
region oblique, concave; interorbital width greater than that of 
upper eyelid ; tongue with a conical papilla; tympanum distinct, 
usually | diameter of eye. First and second fingers equal in 
length, third 14 times length of second in females, If to 2 times 
in males ; tips of fingers and toes somewhat swollen but not 

# Jaln’b. Hamb, Wish. Aust.'x. (1893) Taf. L fig. 11. 
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dilated ; i.oos with a. rudiment of weh; inner metatarsal tubercle 
as long as or slightly shorter than inner toe; no outer tubercle. 
Tihio-tarsal articulation reaches the eye or slightly beyond; 
length of tibia, 3 times its breadth, twice in length of "body. 
Skin smooth. Reddish brown or olive-grey above, with the 
dark vertebral markings characteristic of the genus; a, fine white 
vertebral lino in five, a broad one in three specimens; barred 
limbs; whitish beneath, sometimes with a dark throat; a, few 
spots on lower lip. A line linear vertebral ridge in two 
specimens. Males with an internal vocal sac, 

Rappia *. 

15. Rappia granulata Blgr. 

Ex-G.E.A, 

(> young. 

](>. Rappia puncticujlata Pfeff. 

Morogoro. Ex-G. E. A. 

7 specimens. Length 22 to 32 mm. 

Text-figure 2. 



Rappm punetkuhta . Nat. size. 


Interorbital space varies from 1| to 2 times width of upper 
eyelid. .Fingers with a rudimentary web, toes | webbed. 
Length of tibia 24 to 2| times its breadth, 3| to 4 times in 
length of body. . , . 

The specimen figured by Pfeifer is of a uniform colouring, 
* “Rappia, «p. A Tree Prog whs found impaled on the spike of an Aloe, in 
company with sundry grasshoppers which formed the larder ot a Mmte. —■ 
A. LovimiooK, Field Kates. 
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with a light, dark-edged lateral hand passing round snout and 
ending on the sacral region; it has also a. fine dark vertebra] line. 
Several young in the "British Museum collection have si.mih.ir 
markings, but the seven noted above differ considerably. In 
these the light lateral hand is heavily bordered with black, the 
enclosed dorsal area and upper surfaces of tibia, tarsus, and 
forearm irregularly spotted with black or dark grey; they have 
also a large white dark-edged spot on the heel. The markings 
of the smallest specimen are so light and indistinct that it move 
resembles the type specimen. 

17. BAPPIA PLATTPuIlIXUS, Sp. U. 

jSTairobi. 

1 specimen, d . 

Head small, broad as long, moderately depressed ; snout Hat, 
markedly truncate, as long as diameter of eye ; can thus rostral is 
feebly marked ; loreal region oblique, concave: nostril at end of 

Text-figure 3. 



Unppia phi tprhhms. N at. size. 


snout; interorbital space nearly twice width of upper eyelid ; 
tympanum hidden. Fingers long, | webbed, second longer than 
first; toes slender, fully webbed; subarticular tubercles soft, 
fiat, small; inner metatarsal tubercle also soft and small; no 
outer one. Tibio-tarsal articulation reaches middle of eye; 
length of tibia 5 times its breadth, times in length from snout 
to vent. Skin smooth above, granular below. Uniformly 
brownish-grey above, finely speckled with black pigment cells 
which are slightly concentrated along cantlms rostral is, Male 
with internal vocal sac and adhesive suhgular disc, 
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Mmmt'eimmtx m iitillimvires. 

Snout to vent. 

Head ...i ...i’*’*' 

Width of head . 

Snout . 

Interorbital width. 

1st finger. 

2nd „ . 

3rd . 

«}» n . 

Mind limb . 

Tibia... 

Foot .'. 


28 

9 

9 

»j 

3*5 

2*5 

3-5 

5 

4 

43 

14 

10 


The broad truncate snout combined with the very short web 
between the fingers are the distinguishing features of this 
species, . 


18. Rappia. ciktctiventius Cope. 

Nairobi. Ex-G.E.A. 

2 specimens. Length 31 .and 20 mm. 

Male from Nairobi greyish; female from Ex-G.E.A. pale 
brown, with a subtriangular dark marking; both have two paired 
series of small tubercles on head and shoulders. The male 
differs from the normal in having, a subgular disc. 

19. Rappia fulvovittata dope. 

Doth umi. Morogoro. 

30 specimens. Average length 22 mm. 

Body exceptionally elongated and depressed. Light purplish 
brown, with two paired dorsal streaks of a darker shade but 
indistinct. 


20. Rappia marmorata Rapp. 

Besil. Nah-obi. 

5 specimens. Length of largest 34 mm, 

Male specimen from Nairobi is black, with three wide white 
dorsal bands and finely spotted sides and limbs; two females 
from the same locality are uniform grey, speckled with black 
above, salmon-pink beneath, especially hinder side of thighs; 
two females from Besil are uniform pale grey. 

21. Rappia argus Ptrs. 

Morogoro. Dar-es-Salaam. 

3 specimens. Length 32 and 35 mm. 

Two are light brown above; a white, black-edged band passing 
round snout, through eye to temple or back of head; the third 
has several ocellar spots on .the'back, but no cantbal 'band* The 
absence of the characteristic 'spots is unusual, but there are 
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two similar specimens in t.lie i>i*itisli Museum collection, in the 
spotted form the eu.nthal hand is usually present and continued 
down the side of the body. 


Megaltxalijs. 

2‘2. Mkgalixalus lovertdo it, sp. n. 

M oeo^iro. 

1 specimen, J . 

Head small, depressed, broader than long; snout rather 
pointed, as long as diameter of eye; can thus rostralis rounded ; 

Text-figure 4. 



MegaUxalm JoveridgiL Nat, size. 


loreal region feebly oblique; nostril near end of snout; inter- 
orbital width greater than that of upper eyelid; tympanum 
just distinguishable on right side, ■{- diameter of eve. Fingers 
long, | webbed, the web extending as a fringe to discs of third 
anti fourth, second longer than first, third twice length of first; 
toes entirely webbed; discs small and round; subarticular 
tubercles small, soft, feebly prominent; inner metatarsal tubercle 
small, soft, oval; outer one minute. Tibio-tarsal articulation 
reaches eye; length of tibia 4J times its breadth* 2-t times in 
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length of body. Length from snout to vent 3J- times length of 
head. Skin smooth, dotted with minute white tubercles each 
bearing a minute blade spine, on upper surfaces of head, body, 
forearm, tibia, a,ml hinder side of tarsus. Smooth beneath ; 
throat granular ; some small waits at corners of mouth. Pale 
brown above, with a faintly marked hand, commencing on snout 
and progressively widening on the back. Uniformly speckled 
on upper surfaces with black pigment cells, which are slightly 
concentrated along the canthus rostralis; lower surfaces pale 
brown. 

Measurements in millimetres . 


Snout to vent.. 

Head . 

Width of head. 

Snout ... 

Interorbital width . 

1st finger... 

2nd .. 

. 36 

. 11 

. 11*5 

. 4*5 

. 3*5 

4 

. 5 

3rd ,, ... 

. 8*5 

4th ,, . 

.... 6 

Hind limb *.. 

. 52 

Tibia . 

. 18 

Foot . 

. 23 


The closest affinity of this species is 31, fornasinii Bianconi, 
which it resembles in dermal characters, but which differs in 
having the fingers j to J webbed and shorter, especially the 
third, which is U times length of first. It is also less elongate 
in habit, the length from snout to vent being little over 3 times 
the length of the head. 

Oasstna. 

23, Oasstna senegalensis T>. & B. 

Nairobi. Ex-G.E.A. 

3 specimens. Length 20, 30, and 40 mm. 

Male specimens from Nairobi have a vertebral and two paired 
series of dark elongated spots; female from Ex-G.E.A. lias five 
unbroken dark bands. The former have the tips of the digits 
much swollen, almost amounting to small discs as in IhjlamhaUs; 
specimens in the British Museum collection from the same 
locality show the same variation. 

Hylambates. 

24. Hylambates bocagii Gt.hr. 

Nairobi. 

3 specimens. Length 26, 31, and 35 mm. 

Skin slightly granular above, with a linear vertebral groove. 
Upper parts uniform dark grey. 

Prog. Zoom Soc.—1920, No, XXVIII. 


28 
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2 5 . 11YL A M BAT E.S J 01 ! NST' >N 1 I 11 gr. * 

Mhonga. Ex-G.E.A. 

6 specimens. Length 27 to 40 nun. 


E N a Y S I 1 0 M A T1 D .E. 


P IIHY NOM A NT IS. 

2G. PnitYXOMAXTIS BT PA SCI AT a Smith. 

Ex-G.E.A. Lnmlio. 

3 specimens. Length 38, 40 ? and 4-8 mm. 

Lack purplish brown with pink markings, agreeing with var. A 
of the British Museum Catalogue. 

Breviokps. 

27. Breviceps mossamhicitb Ptrs. 

Morogoro. Kongwa. Dodoma. Lumho. 

15 specimens, Length 21) to 48 mm. 

Hem is us. 

28. ItollSUS MATtMORATUM Ptl’S. 

Gonva. Morogoro. 

8 specimens. Length of largest 35 mm. 

Length-of tibia, variable, going from 2 ; j- to 3 times in length 
from snout to vent. The usual occipital fold is absent in 
three specimens, and a linear vertebral groove is present in throe 
specimens. 

B ufo x r i) no. 

Bufo. 

2A Bufo regularis Rauss. 

Nairobi. Kedong Valley. Donya. Salmk. Tunut Tumu. 
Longido West. Morogoro. Duthumi. Tulo. 

27 specimens. Average length of adult 80 mm. 

Every specimen has either a lino light vertebral line or a 
sunken line in the skin; one female has its,thighs marbled with 
red, but there are none of the beautiful red forms figured in 
Mr. BoulengeiAs Second Report on the Grant Collection f. The 
parotoids are very variable in length, sometimes 4 times as long 
<ts broad, and greenish in colour. 

30. Bufo carers 8 mi tin 

Nairobi 

1 specimen. Length 76 rnnn 

# “At Mhonga, whoa my hoy brought me my mule which had been grazing in a 
patch of kufiir-curn, I was delighted to find my piuldta already occupied by a large 
frog, whilst another was ensconced in the nose-bug.”—A. LovihuixiE, Field Fates, 
t R55*8. 1907, pi. xxi. 
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~ 1 ' <)n tIu ‘ 'lyjin-Sjunim.'ii of Ram l»>hti Baolenger. 

I!,v Miss Joan II. Piion-iin, P.Z.S. 

I JJmnvod Juno 1, lt>3u : Head June 15, 1020. ] 

(Text-figure ;>.) 

Jo “A Note on Hawhiua , the itoggei^Frog” Mr. G. Tv. 
Noth* states Hint the type-specimen of j?cnm Lkfo* (Brit. Mus! 
♦hj.J.o. h') 5 \\ hicli is «ir female, has “a. well-developed dagger. JJ 
This is 1K)t c * nse - The prmnollex of this specimen terminates 
in a, knob-like tubercle not unlike the .snbartieulnr tubercles of 
tlie lingers. ^ Even considerable pressure does not cause the 
protrusion of the bone within, hi older to ascertain whether 
this female would have been able to expose a “ dagger,” I have 
dissected the pimpollex of the right hand, and find that the 

Text-figure 5. 



ltight hand of ./moot hohH. Underside, uat. swi*. 

DUsoetod to show termination of burn* of pmipollox, and distal phalanx 
of first finger. Cfivpc-spiTimen.) 

bo no, although undoubtedly very pointed, terminates over a 
millimetre short of the tip of the dermal tubercle; moreover, 
the tubercle has i thick wall, to the i.mer side of which the tip 
of the dagger is attached by soft connective tissue, forming a 
pad between it and the skin which shows no sign of perfo¬ 
ration. The bone is not curved, as stated in Mr. Van Denburg’s 
description t* 

Mr. 'Boulanger's description JA very prominent knob 
(rudiment of pollex) on inner side of first fingeris perfectly 
correct, and there was clearly no “oversight” of the dagger on 
his part, since such a weapon does not exist. This mistake on 

* 4 Copeia/ Hew York,'Feb. 27, .1920, No. 79, p. 16. 

f Trot*. Cal Ac. Sci. vol. iii. 1912, p, 197. 

% P. 55, S. 1913, p, 1023., ' 
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ON THE TYlM'I-SPECIMJiN OF KAN A IIOUSTI. 


iho part of A!r. No])lo is dillicult to coconut for, as his idea, of 
the type-specimen was apparently derived from Dr. Htejneger 
who says: “* I have hart the privilege of examining the unhjue 
type-specimen, hut I have nothing to add to Boulenger’s ori¬ 
ginal description ”; a most accurate figure of the left hand is 
given by him. 

It was therefore quite a reasonable suggestion to make, even 
if now proved to be incorrect, that the dagger is a secondary 
sexual character of the male as the “aiguillons comes et endues 
qui arment le doigt interne de certains Leptodacii/lus d’Ameriqne 
et qui servent a renforcer l’amplexus pendant laccouplement ” f. 
In Tijmpaaoceros vewtoui Borage, for another instance, the male 
is armed with a powerful, protruding dagger on the inner side of 
the first finger, whilst the female has none whatever. This 
point, however, is set at rest by Mr. Van Denlmrg, who says 
4i the dagger is fully developed in adults of both sexes. Our 
collection includes females which contain eggs nearly ready for 
laying. These [.s*v‘e] are armed with spurs as large and formidable 
as a re to be found in males/'" This shows, therefore, that the 
4 * dagger” may, or may not, protrude externally in It hohti , 
unless, which is unlikely, the females described by Van Ben burg 
and Noble belong to a distinct, closely allied species. 

** Hcrp. Jap., Hull. P.S. Nut. Hist. Mas. No. 58, 1007, p, 105, %. 84. 

f Buuluii&vr, l*. K. Ac. Kci, 1018, vol. olxv. pp. 0K7-000, 
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Introduction . 

Many descriptions have been published of the European and 
American Badgers f, and the wide divergences between them in 
the structure of the skull and teeth were long ago insisted upon 
by Baird ; but although attention has been drawn to some of the 
differences in external characters, it seems that dried skins ha ve 
been in all cases the only material available for the purpose. So 
far as I am aware, no author has had the opportunity hitherto of 
instituting a comparison between the genera based upon fresh 
material; and no one appears to have questioned the right of 
Taxidea to be included in the same subfamily as Aides. Even 
Gray who split his family Melinida (=Melince of many recent 
authors) into the five tribes—Melina, Mellivorino, Mephitina, 
Zorillina, and Helictidina, ranged Taxidea alongside Meles. being 
evidently of opinion that the kinship between these two genera 
is closer than the kinship between il fetes and Arctonyx . 

As will appear in the sequel, the outcome of my comparison 
between the external characters—supplemented by cranial and 
dental characters—of the two types is to suggest that the like¬ 
nesses between them are superficial, adaptive, and due to 
similarity of habits, and that the differences between them do 
not justify their relegation to the same tribe or subfamily. It 
will be remembered that Mellkora was also formerly assigned 
to the Melince on account of its badger-like build and feet; but 
the tendency of modern opinion is to, regard the genus as a 

# The facts recorded in this paper are based upon specimens examined at the 
Society’s Prosectorium. 

f The most exhaustive and most recent description of the skull and^ teeth of 
Males known to me may he found in the ‘Catalogue of the Mammalsof West era 
Europe * ly Miller. The external characters, based upon an examination of dried 
skins, are, however, briefly dismissed. Cones gave a long and on the whole accurate 
description of Taxidea in his volume on Pur-bearing Animals, 1877. 

X Cat. Carnivorous etc. Mammalia, 1864), pp. 120-121. Gill (Smithsonian Mi sc. 
Coll. xi. pp. 64-66, 1872) adopted Gray’s subdivisions, but converted the tribes of 
Melinidffi into subfamilies of the Mustelidse. Cones followed Gill. 
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specialized member of the M it stall na- or to place it. in a subfamily 
apart*. 

The Head. 

The forehead is higher ami rounder in Aides than in Taxldea. 
The ear of Aides t is moderately large with tolerably evenly 
rounded edge. It is simple in structure, the bursa being sup¬ 
pressed ; the tragus is small and the antif.ra.gus scarcely 
developed. The supratragus (plica principalis) is of average size 
but not valvular, merely presenting a hemispherical thickening. 
The ear of Tcurldm does not differ from that, of Males in any 
important particular apparently, although the lamina, is less 
salient and its free edge is not continued interiorly so far towards 
a point beneath the intertragal notch ( aditns Inferior ). 

The facial riorissre in Males are reduced by the suppression of 
the mterramal tuft, and the superior genal tuft is at most repre¬ 
sented by one short bristle at least in the specimens examined. 
The mystacia! and submental vibrissa* are moderately well deve¬ 
loped, one of the latter on each side being exceptionally long; the 
inferior genal tuft is represented by one or two bristles behind 
the corner of the mouth and the superciliary tuft by two or more 
over the eye. In Taxidca the tufts are normal in number and 
situation, the genal tufts being represented by about three 
bristles, the upper being some distance below the level of the 
eye ; but the interramal tuft has only about two short bristles. 

The nose of Males is produced and snout-like, and overlaps the 
under jaw considerably. The rhinttrin.m is exceptionally large; 
its upper surface is naked as far back as a line behind the 
posterior ends of the nostrils. The anterior surface forms a 
wide, deep, flat disc, without trace of a median, groove. The 
inner expanded portion of the nostril is largo, the outer forms a 
long narrow slit extending horizontally to the lateral edge of the 
rhinorimn. The iufranarial portion is exceptionally deep and 
well developed both medially and laterally; its inferior edge is 
convex, but varies in the degree of convexity, and is sometimes 
produced into a point in the middle line; lmt there is no philtrmn 
and the upper lip is hairy across the middle and unci eft. 

Judging from descriptions, the rhinarium of Aratonyx, which 
has been compared to that of a pig, resembles tolerably closely 
the rbinarium of Meles. 

The nose of Taxidea is less developed and less snout-like than 
that of Meles . It does not overlap the lower jaw to the same 
extent, and is not so deep from the summit of the rhinarium to 
the edge of the upper lip. The rhmarmm itself also differs from 
that of Meles in being covered above with hair nearly up to its 
anterior edge, in having an anterior median groove, and in 

* Sty my paper on MellUmra and Gvlo (P. Z. S. 1920. pp. 170 -187), 

t Figured and described by Boas, Obrknorpel dev Sling, p. ISO, pi. xxi. fig. 221 
(1912). ■, 4 1 
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T<‘xt-figure 19. 



A. Side view of head of Taxidea amermma. 

B. UUimtrmm and upper lip of the same, from the front. 

0, Rhinarium of the same, from above. 

1), Side view of head of MeU$ nudes. 

E. Rhinavium and upper Hp of the same, from the front. 
f. Rhinarium of the same, from above. 

X„l. 

(In R and E the rhinarium anti upper lip are represented in the same plane, 
so that the lip is not foreshortened.) 
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having' a shallow infrnuanal portion on each side. As in Mehtt, 
however, there is no philtrmn, the upper lip being continuously 
hairy and without median groove. 


The Feet. 


The tore feet of Melee, as is well known, are essentially 
fossorial, the claws being of great length and far surpassing those 
of the hind foot. The digits axe united by integument be¬ 
yond the proximal end of the digital pads, and are susceptible 
only of slight separation. Digits *2, A, 4, and 5 are subequally 
spaced, but digit 1 (pollex) is more widely separated, smaller, and 
set farther up the foot than digit o. The digital pads are not 
well defined proximally, and the space between them and the 
plantar pad is quite naked. The plantar pad is wide, as wide 
approximately as the foot, and imperfectly fourdobed; the 
pollical lobe is small. .Behind the plantar pad there is a large 
naked area,, with a tuft of hair in the centre ; and at the upper 
or proximal end of this naked area lie two carpal pads, one on 
each side and separated by a moderately wide space: tire outer 
of these two pads lies near the margin of the carpus and is 
larger than the inner. They vary to a certain extent in size and 
distinctness. 


The hind foot is much narrower than the fore foot and has 
much shorter claws. The 1st digit (hallux) is small and set 
higher up the foot than digit 5, which is itself a little higher 
than digit 2. The digits are only slightly separable, and are 
webbed as in the fore foot, except that digits 3 and 4 are 
closely united, the fusion sometimes extending to the very tip of 
the digital pads, although usually these pads are separated to a 
small extent at their distal ends. As in the fore foot, the space 
between the digital pads and plantar pad is quite naked, and the 
plantar pad is large, as wide as the foot, and indistinctly lobed. 
Behind it there is a large, naked, triangular area, pointed behind, 
which, is mostly covered by the two metatarsal pads, which are 
sometimes separated in the middle line, sometimes fused, and 
are separated from the plantar pad, at least in the middle, by a 
narrower or broader naked area.. Behind the rnetatarsa.l pads 
the lower surface of the foot is covered with hair. 


Hodgson’s illustrations* of the feet of Melee leucurus attest 
their similarity to those of Melee Melee, and unpublished 
sketches of the feet of Arcionyx by this author show that they 
resemble the feet of Melee iu general features. Perhaps the 
plantar pads are a little narrower and more decidedly trilobate, 
and no mat of hair is shown on the area between the plantar and 
carpal pads; but two carpal pads are shown on the fore foot 
and two metatarsal pads in the centre of a naked area on the 


IT?: . So . c - B fl9d 4 xyh V h H, (1897). It tony be noted that on this plate 

! I1U - 1 ****** is labelled Urm cmcrmra, and 

that ox the latter is similarly labelled llelictu nipaleusis. 
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bind fooi ? but this arm is larger than in Melm mid the hairy area 
u]) to the heel is shorter. 

The fore foot of Ttixhh>a resembles that of Metes in general 


Text-figure 20. 




A. Right hind foot of Metes metes. 

R. Right fore foot of the saint*. 

C. Right hind foot of Ta.rhUa timer ban a. 

]). Right fore foot of the same. 

X b 

form, in the length and strength of the fossorial claws, and in 
the nakedness of the area between the digital and plantar pads; 
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but, it bittern in many structural details. The piriform digital 
pads are mmiii larger and hotter defined along their proximal 
margin, and those of Urn second, third, and fourth dibits are 
united by webbing extending past 1dm middle of ouch, these throe 
digits being closer together than <lm second is to the first or the 
fourth to the fifth, tin* latter being nearly at the same level as 
the first. Also the entire foot is wider as compared with its 
length, and the plantar pad is much narrower and <lees not occupy 
the whole width of the foot. It is very imperfectly divided into 
four lobes. The area- behind if on the inner (pollieal) side of the 
foot is partially overgrowu and overlapped by hairs; on the outer 
side it is naked, and on the na-ked area a little way behind the 
plantar pad but towards the middle line is a- single, rather small, 
hemispherical carpal pad, representing the inner or radial carpal 
pad of Metes . This pad is partly overlapped and, according to 
Uolies, is sometimes overgrown by hair ( c Fur-bearing Animals, 9 
p. 2G6). 

Similar differences, so far ns the larger size of the digital pads 
and the greater width of the digital portion of the foot are con¬ 
cerned, are observable between the hind feet of the two genera ; 
but the third and fourth digits of Taxidea are not so closely 
united, there being a definite, though narrow space between the 
inner proximal ends of the pads. The plantar pad is very 
different in Taxldea, .It is irregularly cordate in shape and 
about as long as wide, and its lateral margins do not nearly 
extend to the edges of the feet behind the first and fifth digits. 
There is, moreover, no trace of metatarsal pads, the hairs of the 
metatarsal area, reaching down to the proximal margin of the 
plantar pad. 

The Anal and Genital Arem . 

In Melts, as is well known, the anus is sunk in a shallow 
depression, varying apparently to a certain extent in depth 
according to the individual. Between this and the base of the 
tail there is a deep subcaudaJ pocket, partially divided into a 
right and left deeper portion by a, vortical partition. Thu 
inferior margin of this pouch is a transverse hum*na, of integument, 
forming the partition between it and the shallower circumanal 
depression. The skin of the subeaudal pouch itself is hairy and 
glandular and secretes copiously a sticky hut not particularly 
foul-smelling fluid which stains the surrounding integument a,nil 
hairs black. The true anal glands do not discharge directly into 
this subeaudal pouch, but just within the orifice of the amis as 
in all Mustelidje. 1 have verified the existence of this pouch in 
the Japanese Badger (M. imaJcwmn), and, according to JVL Edwards, 
it is present in the Tibetan species (M\ Imcurm ). It is also 
present in the Oriental genus Arctouyx , as recorded by Evans in 

* As fully described by Ohatin, Ann. Sei, Nut. (5) xix, im. .1.06 109, id. via fisrts. 
66-67 (1874). b 
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tlio following passage: - 4 ' [there ] is it. caudal pouch directly under 
the origin of the tail, . . . hut quite distinct from, and wholly 
unconnected with, the anus or genital organs. The sac is formed 
by dnpheate folds of the common integument, having a lining of 
naked membrane, secreting a. hrown unctuous matter, not unlike 
cerumen, or wax of the oar” 


Text-figure 21. 



A. Hear cud of Males males, male, showing the suheaudal ami anal pouches 

distended nearly tr> the fullest extent. 

B. The same of the female, hut- with the pouches rather less distended 

transversely. 


Gairdner supplements this account as follows;—“Two scent 
glands were found discharging into the postcandal pocket. The 
secretion was brownish yellow and the hind parts were stained 
by the flow, and the.stench so pervaded the beast that the coolies 
were unable to eat it”f. 

In the male of Meles the hairy scrotum is situated just below 
the rim of the circumanal me, which, except in the middle line, 
is covered with short hairs. The bacuhtm has been figured and 

# Journ. Asiatic, Sot*. Bengal, viii, pt. i. p. 408 (1839), 

f Journ. Nat. Hist. Soe. Siam, i. no. 4, p. 253 (1915), From the passage quoted 
it appear* that the secretion ot the glands of Arctcmyx is much stronger in smell 
than that of Meles . Meles has the habit, observable in Mongooses and'Civets, with 
analogous glands, of rubbing the secretion on objects so that the scent is dis¬ 
seminated. • 
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tie,scribed by IVluiuenbach *' and Pohlf. It is about 4 incises 
long and slightly incrassate a.t the Isa,so. flat tempi and grooved 
beneath throughout its length .and carinate above in its proximal 
half, then flattened and depressed, with a median dorsal groove 
up to the tip, which is straight or slightly upturned and expanded 
laterally into a roughened disc with semieircidavly curved free 
margin. This apex is perfectly symmetrical, and an elongated 
slit perforating the hone behind the tip suggests that the latter 
results from the fusion of two short terminal processes. 

In the female the area around the genitalia is smooth ; the 
genital orifice is a. little below the naked rim of the circumanal 
sac, and opens at the summit of an interiorly expanding groove, 
which ends in an angular prepuce, forming a glandular space round 
the small clitoris, which is strengthened with a small bone. 

In Taxidea there is no trace either of the dee}) pouch imme¬ 
diately beneath the tail or of the shallower depression in which, 
the anus is sunk. The anus, on the contrary, is protuberant, 
and in profile view stands a,way from the base of the tail above 
and from the perineal region below like a hemispherical mound J. 
The anus opens just below the centre of this elevation, and the 
two anal glands, about the size of a, hazel-nut, open within the 
orilice, the ducts traversing a definite papilla as in Mephitis* 
The secretion is colourless with a sweetish, not unpleasant 
musteline odour. 

Below the anal prominence there is in the female a long naked 
perineal area, terminating inferiorly in a piriform prominent 
vulva, with the orilice above and a somewhat acuminate clitoris 
below. On each side of the vulva, a little below the level of the 
orifice, there is a glandular pocket about 6 mm. deep, from the 
bottom of which arise a few setae, each planted in a shallow 
pit. 

Thus the anal and genital areas of the female Taxidea differ 
profoundly from those of Meles §. 

I have had no opportunity of examining a male Taxidea ; but, 

# Handbnclt vergl. Anat. 1824, p, 470. 

t Jena. Zeitschr. xlv, p, 385 (1909), 

t X Bonus’s statement {tom. cit. p. 267) that "the perl meal region shows, imme¬ 
diately beneath the root of the tail, a large transverse fissure leading into the 
peculiar subcaudul pouch of the Melina ’’ is erroneous; and the error arose probably 
from the examination of dried skins, which were apparently all the material available 
for examination, judging from the bottom paragraph on p. (58 of the volume cited. 

§ It is possible, however, that the difference in the size and situation of the 
genital orifice in the specimens examined may be more apparent than real. The 
examples of Meles > were wild caught animals, one of which was known to have 
produced young before capture. The example of Taxidea, on the contrary, was 
received from New York as an adult specimen in 1910, and died, when an old 
animal, in Dec. 1918. Of her history previous to her arrival in London X know 
nothing, but she never bred nor was seen to pair with the male after coming to the 
Bardens; and it may be that the small size and low position of the genital orifice 
and the consequent length of the perineal area are attributable to failure of copulation 
and parturition. , : 
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according to Cones, there is a well-developed buctilum ♦ He 
describes it as u 4 inches long, clubbed at one end. compressed, 
and with a shallow sulcus in the continuity; the other end bent 


Text-figure 22. 


A. Hear end of Mdes males , female, with tlm suheuudal and anal sacs closed. 

X i 

B. The same of Taxidea amcricana, female. X £•. 

C. Lateral view of ano-genital area of TaxhJca, female, showing the prominent 

anus and the clitoris with its lateral glandular pit partly opened. X T 
I). The lateral gland of the clitoris of the same, opened to show the seta 1 at the 
bottom. 

33. Clitoris of same, elevated to show the glandular pits closed. 

F. Anns of same, spread open to show the,papillae of the anal glands. 
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nearly a.t. a right angle, abruptly and irregularly battened and 
grooved J ’ (tom. eit. p. 2(59). 

This description is not very intelligible, ami it is doubtful if 
the describee knew either the proximal from the distal extremity 
or the dorsal from the ventral surfa.ee; but 1 infer that the bone 
is compressed, grooved throughout its extent below, thickened at 
the base and hooked at the apex, lmt whether the curvature of 
the hook is directed upwards or downwards does not appear; 
and whether the apex is symmetrical or asymmetrical is also 
unknown. 


Shall and Tank. 

The skull of 2fries nieles was fully described and illustrated by 
Miller; that of Tax Idea was figured and described by (Jones. 


Text-figure 23. 



A. U |.)pi*v view of the skull of Taxi lea, X I approx. 

B. The sumo of Meles, 


Elliot also reproduced photographs of it *, and Baird pointed out 
some of the differences between the two genera in the crania and 
teeth. 

* K.ieU Columb. Mus, ii. p. 320 (X001). 
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In t.ho following t:il>U* the principal ilillevences are placed .side 
by side for comparison 


Meles. Taxidba. 


Muzzle .( Elongated, comparatively nar-j Short ami broad, with short 

i vow, with i>ruii»inent pro-1 pmnaxilhe. Infraorbital 

, maxilhn. Infraorbital fora-! foramen small, above the 

men large. ubme the anterior , anterior portion of the 
})ortion of the upper molar! upper earnassial. 
and behind the earnassial. j 


; Strongly salient behind orbit.:, Moderately salient behind 
the posterior base expanded orbit; its posterior base not 
laterally and posteriorly eon-! expanded laterally and pos- 
sidembly beyond glenoid. ; teriotiy beyond glenoid. 


Zygomata 


Brain-case . 


Occipital area 


j tipper surface sloping posted- Upper surface hardly sloping 
j orly ; lateral walls rounded, j posteriorly ; lateral walls 

| eouyergingbehindzygoinata.; gradually divergent from 

j Sagittal crest high. j orbits to occiput. Sagittal 

! crest low or absent. 


j Much narrower than zygomatic ; 
; width. Mastoids corupara- 1 
* lively narrow and elongated, \ 
i inclined downwards and for-; 
; wards beneath tin.* auditory J 
j meatus and lower than the j 
glenoid. IJusioccipito-yphe- 1 
i noidal plane inclined up- j 
wards from foramen. 


Almost as wide as zygomatic 
width. Mastoids great!) 
expanded but short, not 
projecting below auditor) 
meatus and about on a lev: 
with the glenoid. Hasiocvi- 
pito-sphenoidal plane hori¬ 
zontal. 


JiuUfe. .: Moderately inflated, scarcely ! Much inflated, a long vvu) 

i below the plane of tin* oeci-; belo w the plane of the occi- 
j pital condyles and not ox-j yiital condyles and abutting 

| tending forwards to the j against the glenoid, 

j glenoid. j 


Foramina .| For. rot. concealed and open- j Fur. rot. not concealed, open- 

1 ing alongside for. lac. ant .;: ing separately from and be 

; for, m\ considerably in ad-; neuth./m*, hie. ant.; for, or 

i vance of for. lac. mat. i just in front of for lac, 
I nietf. 


Teeth . ; Upper earnassial eompara- 

' tivel.v smalb !e-s than £ area 
of mi ;lar. Molar irregularly 
! four-sided, with two roofs 
j imbedded in chtvk and two 
| large cusps exposed in lateral 
| view of skull; crown with 
one median longitudinal 
1 ridge of cusps. Lower car- 
| nassial with heed about as 
| large as the anterior portion, 

! and hollowed in the middle 
! with two external and two 
| internal but no median 
; cusp; in the anterior portion 
! of the tooth the anterior 
! cusp is smaller than the main 
j cusp, which is well in act- 
i vanee of the inner cusp. 


j Upper earnassial enormous. 
; larger than molar. 3 ltd a, 

' equilut Tally triangular. 
; with mu* root imbedded in 
! cluvk and one cusp exposed 
; in lateral view of the skull. 
Crown with two transverse 
rows of tubercles. La wet 
earnassial with heel about 
.1 the area of the auterioi 
portion, with one external 
one median, and one pos¬ 
terior cusp funning a traits 
verse line; in the anterio 
portion of the tooth tin 
anterior cusp is as large a- 
the mum cusp, which is in 
the same transverse line as 
the inner cusp. 
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Text-figure 24, 




A. Posterior view of the skull ot Tiuuka. X 5 approx. 

0. The same of Melts. 

B. Iufevinr view of posterior portion of skull of Tandca (f.o.Jbrmm 

ovale), 

I). The same of Metes. 


Conclusions . 

In view of the nature ami number of the differences between 
21eles and TamUa in skull and teeth, it seems no exaggeration to 
say that the resemblances between the genera in those particulars 
are only such as entitle them to a place in the family Mustek da). 
Unquestionably the skull of Taxidea presents a greater likeness 
to that of Mellivom than to the skull of Meles ; but it is, in my 
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opinion, l>y no means certain that this likeness involves close 
affinity, since the two genera differ considerably in the structure 
of the two posterior maxilla ,vy teeth and in the development of 
the pinna of the ear, of the pads on the feet, etc. 


Text-figure 25. 



B D 


A, Posterior maxillary teeth of Taxidea. Nat. she. 

C. The same of Metes. 

li Posterior mandibular teeth of Taxidea. 

LX The same of Metes. 

Pending an examination of Mydcms and ilelictis*, which I 
have not seen, I propose to restrict the subfamily Melinas to the 
genera Mdes and Arctonyx . With these limitations, the Melinas 


• * 'This genus, as already stated, was several from the Melirne both %■ Gray and 

Gill. 

Proc. Xool. Boo.—1920, No. XXIX. 29 
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may be briefly distinguished as follows from the Taxiidinaj, a new 
group which, for the present, contains Taxidea alone:— 

a, A well-developed suheandal pouch ; rhinarium with very deep 

infran,trial area ; plantar pads wide, carpal and metatarsal pads 
comparatively large, the latter on a naked area behind the 
plantar pad; upper ennuis,sial inueli smaller than quadrilateral 
molar; lower carnassial with enormous 1 neel etc. Melina, 

b. No suheaudal pouch; rhinarium with shallow infranarial area; 

plantar pads narrower; carpal pads much reduced, hind foot 
hairy down to plantar pad, metatarsal pads suppressed; upper 
carnassial larger than triangular molar; lower carnassial with 
comparatively small heel etc. Taxidiince . 


$ 
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EXHIBITIONS AMD NOTICES. 

May 11th, 1920. 

Prof. J. P. Hill, F.R.S., Vice-President, in the Chair. 

The Secretary read the following Report on the Additions 
to the Society’s Menagerie during the month of April, 1920 

The registered additions to the Society’s Menagerie during the 
month of April were 118 in number. Of these 39 were acquired 
by presentation, 15 were deposited, 28 were purchased, 32 were 
received in exchange, and 4 were born in the Menagerie. 

The following may be specially mentioned :— 

1 Chimpanzee (AnihropopHliecus troglodytes), from West Africa, 
purchased,on April 21st. 

2 White-handed Gibbons (Hylohates lar), from Rangoon, 
received in exchange on April 15th. 

2 Barbary Sheep (Awwotrayus lend a), born in the Menagerie 
on April 11th. 

1 Milky Eagle-Owl (Bubo lacteus ), from Rhodesia, purchased 
on April 19th. 

1 Banded Rail (ITypoUrnddm striata ), from India, new to the 
Collection, purchased on April 28th. 

1 Five-handed Lizard (Mctbida quinqueUeniata), from Rhodesia, 
new to the Collection, deposited on April 18th. 


On behalf of Messrs. E. Gerrard & Sons, Mr. R. I. Pocock, 
F.R.S., exhibited a mounted specimen of a pale variety of the 
White-bearded Gnu (Conn achates alhojubatm ), shot by Oapt. 
Keith Caldwell, R.A., F.Z.S., in Masailand, and pointed out that 
apart from the general pale yellowish-brown tint, the variation 
affected different parts of the body in different ways, the neck- 
mane, the long hairs on the face, and the tail-tuft, which are 
normally black, being dirty white, whereas the hands on the 
body, making the brindled pattern, which are also normally 
black, were brownish red. * 


Miss J. B. Procter, F.Z.S., exhibited and made remarks upon 
a living specimen of tbe tailed Batracbian, Spelerpes fascm 
Bonaparte, born on May 8th, 1920. 


Prof. J. E. Duerden, F.Z.S., exhibited and made remarks 
upon a remarkable series of lantern-slides illustrating the sexual 
display and nesting-habits of the Ostrich. 
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June 1st, 1920. 

Sir Sidney F. Harmer, K.B.E., F.R.S., Vice-President, 
in tlie Chair. 

In the absence of Prof. R. T. Leiper, F.Z.S., his exhibition of 
lantern-slides illustrating the Experimental transmission of some 
Helminth infections, was described by Dr. Vevkhs. Speed mens 
of fichilbe viystus, (Jlarotes laticeps , and Tilapia )t Hot tea infected 
with encysted trematode larvae, ami found near Cairo, were 
shown. By feeding young wolves, bred in captivity, with these 
fishes Prof. Leiper succeeded in rearing the adult worms in 
enormous numbers*. The cysts of ScJtilbe mystus gave, rise to 
Jfemistoma (Alarm) (datum of the dog, and those of (Jlarotes 
latieeps to Jlonosioma pwm'dio Loess. M. pamilio, which would 
appear to he more closely related to Tocotrema than to Monostoma , 
is normally a parasite of the Pelican and Kite in Egypt. That 
it can be reared in enormous numbers in Wolves undermines the 
conception of u physiological.species M applied by Loess to certain 
trematode infections. 


Dr. P. Chalmers Mitchell, F.R.S., gave an account, illustrated 
with lantern-slides, of his recent Aeroplane Trip from Cairo to 
Tabora,and described the character of the country passed over 
and the birds and mammals seen. 

June 15th, 1920. 

Prof. E. W. MacBiude, F.R.S., Vice-President, 
in the Chair. 

The Secretary read the following Report on the Additions to 
the Society’s Menagerie during the month of May, 3 920 :— 

The registered additions to the Society’s Menagerie during the 
month of May were 398 in number. Of these (S3 were acquired 
by presentation, 188 were deposited, 130 were purchased, 4 were 
received in exchange, and 13 were born in the Menagerie. 

The following may be specially mentioned :— 

Mammalia. 

1 Cheetah (Cyncehtrus jtdmtm), from Kilosso, Tanganyika 
Territory, presented by C. MacMahon, Esq., Assistant Political 
Officer of Kilosso, on May 1st. 

2 Capybaras (Hydrochmrus kydrochoerm ), bred in England, 

purchased on May 12th. , , 

1 Arabian Oryx (Oryx leueoryx), from Central Arabia,, depo¬ 
sited by H.M. The King on May 14th. ; 
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2 Somali Ostriches (tfirulhio mohjhdoplmnes), purchased on 
May 8th. 

2 White Rheas (tihea mnericana), purchased on May 12th. 

I Kagu (/ \hmoehreins jubaius), from New Caledonia, purchased 
on May 4th. 

4 .Long-tailed Shrikes ( UrolesUs melanoleucvs) and 1 Black- 
collared Barbel. (Lybbus torqualus), from South Africa, deposited 
on May 22nd. New to the Collection. 

4 Isabel line Turtle-Doves (Tnrlnr isabellina ), 2 Rosy-grey 
Turtle-Doves {Tartar rosetyrisens), Q Don go k Turtle-Doves 
(Tartar declpiem), from North-East Africa, deposited on May 1st, 
and-2 Spotted-bellied Franco!ins ( Francolimis spilogasier ), pre¬ 
sented by Major Maurice Portal, F.Z.8., on May 1st. All new 
to the Collection. 

Rkptilia. 

1 Siamese Crocodile {(■rocodihis siamensis) and 2 Tentaded 
Snakes (Herpet on tmta-culatnm) from Siam, the latter new to the 
Collection, presented by Dr. Malcolm Smith, F.Z.S, 


Prof, J. E, Diterdex, F.Z.S., exhibited and made vemaiks upon 
a series of Ostrich eggs. 


Dr. II. J. Tillyaiu), M.A., D.Sc., F.L.S., F.E.S., gave an 
account, illustrated by lantern-slides, of The Life-history of the 
Dragonfly, with special reference to Australian forms Dr, 
Tillyard dealt first with the structure of the female oviposit or, 
and showed the correlation' between the habit of laying eggs in 
the tissues of plants and the elongated form of the eggs, on the 
one hand, and that of laying them freely in the water, the eggs 
in this case being of a much more rounded form, I he develop¬ 
ment of the embryo and the hatching of the larva were next 
dealt with ; the creature that hatches from the egg is not an 
active larva, hut a sheathed pronymph, whose existence lasts but 
a few seconds, and from winch the active young larva emerges in 
its turn, representing actually the second larval instar of other 
insects. The various types of larvae found in the two suborders 
Anisoptera and Zygoptera were next shown, and a series of 
slides dealt with the interesting larval specialisations in the 
gizzard, the prehensile labial mask, and the rectal and caudal 
gills. , , / ; , '' ' '' 
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2Cu On some Results of Lignin ring the Anterior Abdominal 
Vein in the Indian Toad (Bafo stomaticm Lutken). 
By W. N. F. Woodland, D.Sc. (London), F.Z.S.. 
I ndian Educational Service, Senior Professor of Zoology, 
Muir (central College, Allahabad, U.P., India. 

[Received June 1, 1920: Bead October 19,1920.] 

(Text-figure 1.) 

Prelbm inary Statement. 

Most of the lower Ahwtebrata differ from the Mammalia in 
that the liver has conveyed to it a quantity of venous Mood which 
lias traversed the tissues of the legs and pelvic region, in addition 
to the venous blooil which, as in Mammals, is derived from the 
gut-walls and contains the digested food products. This fact that 
in the lower Vertebmta the liver receives a portion of ordinary 
non-gut venous blood lias not received the attention which its 
possible significance deserves. Bo far as I know*, only one 
author lias ever offered an explanation, and this solely appertained 
to the cocuygeo-mesenteric vein of Birds. Owen in 1841 f made 
the following observations ; “ The venous system of the kidneys 
is so a rranged in birds that the blond can be distributed either to 
the portal system by the mesenteric vein |7.c. the blood brought 
to the kidneys l>v the femoral veins can ilow poster toriy through 
the substance of the kidneys in the so-called hypogastric veins 
end so enter the coceygeo-mesenteric vein], or to the pulmonary 
system by the vena cava and right side of the heart, according to 
tiie degree of rapidity with which the pulmonary or portal 
systems of veins are respectively supplied, or in other words, 
according to the activity with which the circulation in each 
of these systems may he going on at two different periods .... 
'Phis disposition has been erroneously supposed to indicate that 
the urine was secreted from the venous blood in birds, as 
in reptiles and fishes; but the end attained by the venous 
anastomoses in question bears a much closer relation to the 
peculiar necessities and habit of life of the bird, and, so far as 
I know, has not hitherto been explained. There is no class of 
animals in which there may be, at any two brief and consecutive 
periods of existence, a greater difference in the degree of energy 
and rapidity with which the respiratory functions are performed 
than in birds. When the bird of prey, for example, stimulated 
by a hungry and an empty stomach, soars aloft and sweeps the 
ah* in quest of food, the muscular energies are then strained to 
the utmost, the heart beats with the most forcible and rapid 

# The author lias not had access to literature in India. 

f “On the Anatomy of the Southern Apteryx/* Trans. Zool Soo. London, 
vol. ii. 1841. „ • 

pi loo. Zoom Boo.—-1920, No. XXX. R0 
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contractions 1o propel the current of blood along Hie systemic, 
arteries, ami the pulmonary vessels icquire the greatest possible 
supply of blood to serve the heart with t.he due quantity of 
arterial! zed fluid : the digestive system, on the oilier hand, is in 
a. state of repose, and we may conceive the portal circulation to 
heat its lowest ebb. Suppose the Eagle to be glutted with his 
quarry and reduced to a- state of torpor; the animal functions 
are now at rest, but the organic powers concerned in the assimi¬ 
lation of the food a,re in full {day, and the portal or hepatic, 
circulation is as active as was the pulmona ry a short time before," 
And Owen further adds that “ the anastomosis of the pelvic veins, 
in being the means of conveying common venous hlnod into the 
liver, goes to prove that the blood of the veme port so does not 
require any peculiar preparation hy circulation in the spleen or 
other viscera, to fit it for the secretion of hile.‘ ? This explanation 
seems plausible, especially when we reflect that the common 
assumption nm.de in nearly all modern text-]looks to the effect that 
the blood always flows anteriorly in the so-called hypogastric veins 
(also sometimes called the “renal portal ” veins) of the bird 
is almost certainly wrong, it being, on the contrary, more than 
probable that the blood in these veins always flows ’posteriori ;// i>;: , 
as conjectured long ago by Jacobson (1817), Jourdaint, and other 
authors. But this explanation evidently does not apply to animals 
like Amphibia and ituptilia, which are notoriously sluggish and 
yet pour into their livers a much greater proportion of non gut 
Venous Wood than birds. Also in Mammals, which most rt semble 
Birds in the alternating activity of the respiratory and portal 
systems, a communication between the post-renal and portal veins 
does not exist. 

Now a supply of ordinary non-gut venous blood to the liver 
may signify (1) that the venous blood is to enable tin* liver to 
obtain a greater supply of water than it would otherwise receive, 
or (2) that the liver is, in part, in these forms, an organ of 
excretion and supplementary to the kidneys. The first supposition 
naturally occurs to one when Amphibia, are in question, since a, 
toad or frog certainly never drinks water by mouth, hut always 
absorbs it by the belly and thigh, skin, and this water pre¬ 
sumably is taken to the liver by the anterior abdominal vein 
(and to the kidneys by the renal afferent veins), and this is 
probably the case in all Amphibia.. Though in Fishes, lleptilia, 
and Birds there is no certain evidence of cutaneous absorption 
of water, yet it is well known that Snakes and Lizards frequently 
evince a desire to lie in water, and Fishes, Crocodiles, and Turtles 
of course habitually live in it. It may also be remarked that the 
anterior abdominal vein, or its equivalent, usually 1ms factors from 

# Tins is a subject I hope to investigate in the near future. It is almost certain 
that these so-called hypogastric veins of birds arc the homologucH of the “pelvic ,J 
veins of Amphibia ami Reptiles and not of the “renal portal ” veins, and if this he 
so, the Wood must flow posteriorly in them. , 

*f M. S. Jourdain, “ Recherches mu* la Veine Porto ltenulc.” Annales des Sciences 
Nalurches, 4 sei\, Zoologie, Tome xii. 1859, p. 134. , 
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tJio walls of the urinary bladder, which,aitrruii, is a. [lossiblo source 
of water. I 1 inally, it is noteworthy that., for some reason or other, 
.Reptiles and Birds (even when aquatic) conserve their water very 
carefully, as we may realize when we note the semi-solid character 
of their urine*", the absence of sweat and mammary glands and 
their non-beta 1 rearing of offspring; whereas Mammals, on the 
other hand, are very prodigal with water in all these respects. 
Hence if is possible that, comparatively little water being taken 
into the gut, the liver u arranges for' 1 an accessory supply of 
blood in order to satisfy its water requirements. 

As to the liver, regarded as an organ of excretion in lower 
Vertebrate, I have no evidence. 

That in the Common Frog, however (and therefore in all other 
animals with anterior abdominal veins), the anterior abdominal 
vein supply to the liver is not essential to the life of the animal 
is proved by the abnormalities occasionally found t, in which the 
anterior abdominal opens into a pre-caval instead of into a 
hepatic-portal vein, the animal apparently being normal in all 
other respects. 

The I/igatimng of the Anterior Abdominal Vein in the 
Common Indian Toad , 

While in India in 1915 and 191G, I determined to ascertain the 
effects of ligaturing the anterior abdominal vein, though it is 
evident that tin's operation will not give results comparable with 
those to be found in the abnormalities just referred to, because 
in the latter the blood-How in other veins is not interfered with, 
while in a tend with a ligatured anterior abdominal vein the 
blood, which would otherwise How through this, is forced to pass 
along the two renal afferent veins— the result being increased 
blood-pressure in the renal afferent veins and interference with 
the renal arterial circulation 

In all I performed thirty-four experiments. The method 1 
finally adopted was to anaesthetize the toad with ether, cut throng!i 
the holly skin and the underlying muscular body-wall for two or 
three centimetres, ligature the anterior abdominal vein in two 
places and remove the portion of the vein in between. Both the 
body-wall and the skin were sewn up with sterilized silk thread 

# Sharpe’s statement (Amer. Jom*. Physiology, vol. xxxi.) that the water of the 
urine of births is absorbed in the rectum, a thick paste of uric acid remaining, is ip 
all probability incorrect—the semi-solid urine of birds and reptiles is found in this 
form in the ureters, and is so secreted by the kidneys. See Appendix in my paper 
“On the 8 Renal Portal’ System (Renal‘Venous Meshwork) and Kidney Excretion 
in Vertebra!a,” shortly to he published, 

f Woodland, W, N. K, Zool. Anzeiger, Rd. xxxv. 1910, p. 626. Also O’Bonogluie, 
0. H., ibid* Rd, xxxvii. 1911, p. 38. 

$ See my paper “On the 8 Renal Portal’ System (Renal Venous Mesh work) and 
Kidney Excretion in Vertebrate,” Parts I. and II., shortly to be published. The 
results of double perfusion and other experiments prove that as the pressure in the 
renal afferent veins increases, the arterial flow becomes retarded, and above a certain 
point is stopped altogether. Ligaturing the anterior abdominal vein in the Indian 
toad more than doubles the amount of blood in each renal afferent vein, 

30* 
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mid iilie wound cleansed wii-li weak carbolic acid, carbolic ointment 
being rubbed on the surface. While the womul was healing, .1 
covered it with a pad oi cotton wool, protected with a waterproof 
sheet, the four comers of which were drawn out. and tied anteriorly 
above the seapuhe and under the ultima fs throat, and posteriorly 
over its back. The animats were given an occasional hath in 
shallow distilled water (the skin having previously been well 
cleaned), but were normally kept dry, the pad protecting the 
wound from urine and beca.l matter in the basin. 

Out of 11 toads operated on as above described (save that X 
only ligatured the anterior abdominal vein in one place) in lb lb, 
one lived for ten days, one for fourteen days, one a day short of 
eight weeks, and two others were killed after eight weeks and 
eleven weeks respectively, 1 shall only record my examination 
of the three long-period survivors, all of which were operated on 
on October 1st, 1915, and the wounds healed by October 12th. 
A day or so later they were all active and feeding well. 

One, us already stated, died on November 2(2th, one day short of eight weeks 
after the operation. It was very thin, and had been ill during the previous week. 
It weighed at death (after subtracting weight of food in gut) 2V5 gins. The heart 
was normal in size (heart ratio -229*0 #) ■ the liver a -trifle large (liver rat io-21'5 iV ). 
The liver was very diseased, being full of small cysts; the spleen’was much enlarged 
and also full of cysts, and the fat-bodies very minute. Sex not recorded. The 
anterior abdominal vein was found to be well ligatured and was quite empty on tin* 
other hand, the renal afferent veins and post-mad wire very large, and* the two 
kidneys (qui tty healthy) were gorged with venous blood and therefore rather dark in 
colour. It is important to note that a new anterior abdominal vein had nut been 
formed. The kidneys, after as usual being slightly squeezed and all attached vessels 
removed, weighed toget her (C230 gnu, and were ‘therefore apparently enormous!if 
enlarged (kidney ratbody-weight taken sit death). 

The toad (a male! which l killed on November 28th—eight weeks and one day 
after the operation—was perfectly healthy, being active and feeding well,and all the 
internal organs in perfect condition, fn this toad I found to my surprise that a new 
win had heen formed posterior to the ligature ami entering'the liver, also two or 
three small new wins earning from the wnsefes of the anterior vent ra t hod ij. wait amt 
opening into the prhieipalnewvehi (toxt-lig, 1, B)f. The body-weight (after weight 
of food in gut subtracted) was 2T9 gms. The heart ratio was Hl<r,r :: ; the iiuw 
(weighing exactly TO gm.) ratio--23*0*; the kidney ratio-3.6pH The kidnevs 
therefore, were about normal in size. 

The remaining toad (a mule) 1 killed on December 1sth—<»hwen weeks after (he 
operation—and this also was in perfect health inside and out. In this toad also a 
new win hat heen formed to allow the ligatured anterior abdominal to become 
functional. The body-weight was 30*0 gms. The heart ration22(H) »• the liver 
ratio—10*6 the kidney ratio—157' V* The kidneys, therefore, were about normal 
m size. 


* TV normal (average) ratio- -for the heart (nil v«*l« « u t off ami 

all blood washed out and dried) in these toads is 216*8 (determined in 29 toads) • the 
normal ratio for the liver (squeezed and dried) was 28*4 (18 toads); the normal ratio 
tor the kidneys (wt. of both kidneys, attached ureters and vessels being removed) 
was 237*5 (82 toads). I must add, however, that in two other lots of toads the 
average kidney ratios were 355*2 (10 toads) and 359*3 (6 toads). The kidney ratio 
(also the heart and liver ratios) shows great variations,'not connected with the time 
of year or with Sex. 

t Compare the “ rapid formation of a collateral circulation so that the blood could 
get round the hgature to the liver’ 1 (Starling, ‘Principles of Human Physiology/ 
1912, p. o»8) when m a mammal the portal vein was ligatured off from the liver and 
made to open into the'posterior vena cava. In this case, however, the liver is 
deprived ot blood from the gut and not merely of an additional supply of ordinary 
venous blood, as m the toads with ligatured renal afferent veins. J 
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In l!H(i I wius iiiil'oi4,iiii;i.to in ibis expen'iiinnf,, possibly <nviii" 
|° m . v Ih'i'' lilect.ii hi I'oc o-iviiijr the imininls a bath every laoniin^. 

Mil, probably also owing to tho fad, that in each operation'~J 
ligatured the, anterior abdominal vein in two places and cut out 
a, portion about half a, centimetre in length in between. Out of 
25 ton,(Is operated on only live .survived for more than eleven 
(lavs. I lint, this vns duu hugely to the mode of operation a,ml 
not solely to the ligature of the anterior abdominal vein is shown 


Text-figure 1. 



A, Small regenerated anterior abdominal vein in a toad which was killed four weeks 
uftnr the operation. LIG, positions of the two ligature*, the intervening 
portion having been cut out, in the operation. NY, new vein formed. 

15. barge regenerated anterior abdominal vein m a toad killed eight weeks and one 
day after the operation, which merely consisted of the vein being ligatured 
in one position, UB, gall-bladder; other-let tors as in A. 

1 cannot guarantee the* absolute fidelity of these figures, since they have 
been copied from rather rough sketches made when 1 dissected the toads. 


by the fact that out of ten control toads in which an identical 
operation was performed,save that the exposed anterior abdominal 
vein was not ligatured, nine of them did not survive for longer 
than eleven days, and only one for six weeks and two days. 

Of the five survivors ot the actual operation in IQlfi, one which survived cloven 
days had a kidney ratio (in nil these ratios, unlike those of 1915, the weight of the 
body is that taken at date of operation) of 119*7; another which survived twelve 
days had a similar kidney ratio of 134*2; another survivor of two weeks and one day 
had a kidney ratio of 95*8. Only one toad completely survived the operation, and 
this was a female which 1 killed- four weeks after the operation,, The animal was 
then in perfect health inside and out, and in this case I. found that a new vein had hem 
formed to enable the anterior abdominal vein to continue to function (text-fig. 1,A). 
The animal weighed 23*4 gms. on the date of operation (July 22nd), but when killed 
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on August 10th only weighed 1105 arms. (after allowing fur weight of loud in gut). 
All organs were quite healthy, ami tin*, renal aileron! veins were very large, 

due of course to the smalt sue of the newly-formed portion of t he anterior abdominal. 
The heart had apparently become much reduced in size, or was naturally small, the 
ratio being (weight of body at date of operation) .*>25*0 ; the liver was also extremely 
small (ratio=G7'2); and the Id((nej/s wcrebvlow the tivmtyc size (ratio---iiUO’O). 

Summarizing the results of these experiments, we may conclude 
that the ligature of the anterior abdominal vein caused either 
the deatli of the animal or the reformation of the anterior 
abdominal vein : in no case did an animal survive in a, heal thy 
condition for a, considerable length of time without a. functional 
anterior abdominal vein. 

(JonduftwHs. 

The fact that a new anterior abdominal voin^vas always formed 
in those toads which survived the operation described is no proof 
that the supply of blood to the liver by this vein is essentia] to 
the animal, because, as I have already pointed out, this feature is 
most certainly due to the fact that the arterial circulation in the 
kidneys is interfered with under the conditions of these experi¬ 
ments, and that is a sufficient reason for the forma tion of a new 
anterior abdominal vein* 

We have also seen that frogs can live without the blood in the 
anterior abdominal vein being added to that in the hepatic portal 
vein, and this fact by itself is good evidence for the view that the 
non-gut blood is not essential to the animal's welfare. 

Two questions remain : (1) why should an anterior abdominal 
vein exist? and (2) why should it normally open into the hepatic 
portal vein ? The answer to the first question I have already 
indicated in a paper* published in MX Mb In this paper I. 
contended that in animals with “ portal ” kidneys the, flow of 
blood through the primitive posterior cardinal veins is considerably 
hindered by the kidney tubules invading the huniua of the two 
veins and subdividing them up into coarse networks of sinusoids 
(Shore f, Minot I), and that the anterior abdominal vein is formed, 
as an alternative route to relieve the congestion consequent on the 
formation of the “renal portal ” system. Judging from recent 
measurements of the relative diameters of the renal afferent and 
anterior abdominal veins in Bufo siomtlims and Rmm teinpm.tria 
respectively, ,1 fmd§ that in the Indian toad about three-fifths of 
the venous blood from the legs flows to the heart via the anterior 
abdominal vein and about two-fiftlm via the two renal afferent 
veins, and that in the frog (It imnpomrla) about one-half of the 
blood flows by each of these two routes, from which we may 
conclude that the resistance to flow of the blood offered by the 
liver capillary system is in the toad about one-third and in the 
frog about one-half of that offered by the renal venous mesh work 
(“ renal portal ' J system) of each kidney. From other evidence § 

® Woodland, W. N. F„ Proo. Zook Hoc. London, 190(5, p. 88(5. 

f Shore*. T, W„ Jonr. Aunt. Physiology,' vol. xvi. (h.b.) J90L 

| Minot,C\ S. s Proc. Boston Sou. Nat. Hist. vol. xxviii. (10) 1898, p. 205. 

§ Sw> Part'II. of my paper “On the .* Renal Portal’System etc.,” shortly to \m 
published. 
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i have also concluded that the resistance ottered to the blood 
traversing the 1 u.^j*atic portal system is very little more than that 
experienced by the blood when the anterior abdominal vein opens 
directly into a. pre-caval vein, and this is supported by the fact 
that in such abnormalities (in which the anterior abdominal opens 
directly into a pre-caval) the renal afferent veins are of about the 
normal size. The renal venous meshwork in both kidneys then 
offering considerable resistance to the passage of blood from the 
hind limbs and tail, I again suggest that this blood has sought an 
additional path by means of which it can reach the heart without 
traversing the renal portal 55 systems, and this suggestion is in 
complete agreement with the view of morphologists that the 
anterior abdominal vein of Amphibia and Ifeptiha is a “new 5 ' 
structure, and has nothing in common with the vein which it so 
often resembles- - viz., the umbilical vein. 

Since we have provisionally concluded that the blood in the 
anterior abdominal vein is of no use to the liver, and that the 
opening of this vein into the hepatic portal vein offers practically 
no more resistance to the passage of the blood than if it opened 
directly into a, pre-caval, the answer to the second question must 
evidently be to the effect that the anterior abdominal vein opens 
into the hepatic portal vein merely because it is more convenient, 
the hepatic portal vein being more accessible than the pre-caval, 
and offering, as we have seen, but little more resistance to the 
flow of the blood. Occasionally, however (in “Abnormal” frogs), 
the ancestra^ connection of the anterior abdominal vein with a, 
pre-caval vein is retained, [t may he added that in some animals 
(c,r/., in most Elasmohranehs) the posterior cardinal sinuses are 
so little broken up by the relatively small kidneys (Ybnllekm*) 
that a bypath for the blood (anterior abdominal vein) is 
unnecessary, 

* Vwlleton, M. b., ** Oarautoros lymjdialiquos do oeriaims veincs olio/, quelquta 
Squabs,” (X B. Hobdom. do* Soanoos do la Sue. Biol Paris, Tome liv. 19U2. 
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(Text-tig ores 1-3.) 


/ ntrodnclion . 

In the following pages an account is given of the parasitic 
Nematode, Rroleptus scillicola, together with .some observations on 
its life-history. Tlie work was carried out, partly in the Zoolo¬ 
gical Department of the University of Birmingham and partly 
at the Marine Biological Laboratory at Plymouth, towards the 
end of 1914 and the beginning of 1915, but until now I have 
been unable to write up my results for publication, owing to my 
absence on military service. 

I should like here to express my gratitude to Professor E. AV. 
Gamble for bis kindly criticism and advice during the course of 
this work. My thanks are also due to the Board of Studies in 
Zoology of the University of London for the use of their table 
at Plymouth, and to the Royal Society for providing a grant 
which enabled me to procure the necessary material. 

A description has been thought desirable because, although 
the worm is exceedingly common, no complete account of its 
anatomy exists, and its life-history has never been worked out. 

Proleptus scillicola occurs in the alimentary canal of Scyllimn 
cawictda from the mouth to the pyloric constriction. It has also 
been reported from 8 . catulus (5), 8. siellare (1), Eaia clavata (1), 
and Ram cimdaris (1). I have only had the opportunity of 
examining one Sc y Ilium catulus, and this specimen was absolutely 
free from infection. 

Other species of the same genus under a different generic 
name have been reported and briefly described as follows:— 
Spiropierina in flat a (8) Linstow, attached to the wall of the 
stomach of 8c y Hi am immoraium ; Spiropierina africana (6) 
Linstow, from stomach of Anguilla sp. (?); Spiropterina ehgans 
(12) Orley, from the stomach of Hexacanthus grisem; Spiro- 
■pierina dm nodes (4) Creplin, from the oesophagus of Raia clavata 
and the stomach of Squalus mmtelns. 

The worms are white in colour, and occur either free or 
attached within their hosts; when attached, it is always by the 
tail-end. 

The females are considerably larger than the males, from which 
they are easily distinguished by the tail, which in the male is 
coiled. 
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Historical. 

Some confusion appears to exist as to the correct generic name 
of the (Jommon Nematode of Scfjllimn cunicnla. The lir.st generic 
name assigned was Prolcpinn by Dujardin (5) in 'INI5. lie 
distinguished two species —Prolep tux aeatas and Pm lap las obtasns, 
but as lie gives neither description nor diagram of Prohptm 
ohlusm, it may be considered invalid. 

In 18(50, Molin (11) described si. nematode under tin* name of 
11 idiocoplialus daciiodC' s\ which should apparently be referred to 
the genus Proliptns. as it differs considerably from the remaining 
species of II inti omphalus and appears to be wrongly placed. 
During the following year (L*S<> 1) Van Beneden (2) described the 
worm under the generic name of >S *piroptcrina. 

Previous to Van Beneden placing it in a separate genus, it 
was provisionally assigned by Oroplin ( 4 ) to the genus Spiro t pinra , 
chiefly because its head-end bore some slight resemblance to the 
Spiropteras of Talpa , Erbium m, etc. 

In 1870, Van Beneden (1) mentioned tin* worm under the 
generic name of (Joron;illu, and distinguished throe, new species : 
tjorminlla sciUlcolnCoronilla robust a, and Coronilla m inula. 
Neither the new genus nor the new species were described, but 
six drawings were given, which referred indiscriminately to two 
of the species—viz., Coronilla rohuda and Coronilla seillieola. 

Spiropierbta appears to he the generic name by which the 
worm is most commonly known, but Lin,stow (7) has put forward 
a strong argument in favour of the name Prole-pirns on the ground 
of priority. For this reason I shall use the generic name / Vo- 
iepinSf but as ])ujardin\s species acuta. s' evidently refers to a 
distinct species which occurs in Sep Ilia tn cnlnlnn t and his species 
oblmm is difficult to determine, J propose to retain Van 
Beueden’s specific name sclUieola, and shall describe the worm 
under the name of Prohiptm srUUeola, 

.In addition to the foregoing, it has beau briefly described by 

Linstow (9). My observations differ from those of Linstow in 
several respects, and bis diagrams are inaccurate, 

MonruoLonY. 

(a) External Characters. 

The body is surrounded by a very thick, transparent cuticle, 
which is finely ringed transversely. Proleptux scillicola possesses 
extraordinary vitality, I have kept specimens alive in normal 
salt solution for over 17 weeks, whilst Linstow (9) records the 
fact that a specimens which had been in Mulleins fluid for 
48 hours arrived in a living condition.” 

The best results For whole mounts were obtained with Loess’s 
fixative. Worms killed in this manner are straightened consider¬ 
ably and retain their transparency. Perenyi’s fluid proved to be 
the best fixative for animals which were to be sectioned, whilst 
Para.-carmine was the most effective stain. 
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The body is slightly .attenuated towards the anterior end. and 
the head (text-tig. 1) is rhuractemcd hy the presence of a 
peculiar eutieular eulia.r. It was probably tie* presence of this 
collar which suggested to Van Beneden his generic name 


Text-figure 1. 
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Xj. 
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' IT. 
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LJUV, 

, Left bursal wing. 

; f r u. 

Vulva. 

Z.8. 

2V.P. 

Large spicule. 
Nerve-ring, 

: K 
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Coronilla. There are two rounded, protruding, lateral lips, each 
of which bears a single conical tooth. Linstow (9) mentions in 
addition 44 interiorly si small pointed cone/'but I have failed to 
ibid any evidence of this either in whole mounts or sections. 

The excretory-pore is exceedingly small, and is situated in the 
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mid-ventral lino, almost ns Far distant posteriorly IVoin 1-Sio nerve¬ 
ring jus tin 1 latter is from the anterior end. 

The 44 la.il ” of the male (text-fig. 2) is roiled usually in a 
single ring, Init occasionally into a. spiral of two rings. There 
is an egg-shaped Immi, to right and left of which t.he cuticle is 
drawn out, into wing-like expansions, supported by eight costal 
papillae on each side. Va.n Beneden (2) states that there are six 
or seven papillae on each side. These* papilla; arc pedunculate in 
term and are arranged symmetrically in two rows. 

There is a. single papilla, at, cither end of each row; between 
the extreme papilla are six others arranged in three pairs. One 


Text,-figure 2. 



Lateral viow ol tail at mala I’wifcpf hh .showing largo ami small 

spicules and costal papilla 1 . 


pair is situated in the region of the cloaca* and the two remaining 
pairs are posterior to it. The pre-cloaca 1 papillae are somewhat 
longer than the remainder. Linstow (9) has figured three 
papillae on each side of the cloaca, but after careful examination 
ot many bursa), 3. have failed to discover the third papilla. 

Iwo eopulatory spicules of unequal length are present, the left 
being approximately five times as long as the right. The average 
length of 4 the longer spicule is 2*125 mm. and of the shorter 
*41 mm. 

The longer spicule is curved towards the distal, end, and at the 
beginning of the curvature there is a prominence on the convex 
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.side, Linstow (9) has stated that the larger spicule is 1 >< *i it, into 
a liook at its distal end, hut l have not. observed this arrange¬ 
ment in any oi the worms 1 have examined. It is covered with 
numerous transverse markings, which give it- a striated appear¬ 
ance under a, fair magnification. and attenuates to a point at its 
distal end. Hath spicules are ensheathed in cuticle. 

The “tail” of the male ends bluntly, and in the neighbourhood 
of the spicules the cuticle is raised into rows of rounded eleva¬ 
tions on the ventral surface. 

The tail of the female (text-fig. 3) is bent- at an angle to the 
body and is somewhat attenuated. In the region of the vulva 
the cuticle increases considerably in thickness on the ventral 
surface and forms a pad. 

Measurements in the case of Prole plus scUlieola are almost 
valueless, as there are wide'variations not only in the sizes of 
individuals, hut also in the proportions of different parts. The 
male varies considerably less than the female. 

Mature females vary in length from 32*17 mm. to 59 mm., and 
the tail measures from *395 mm. to *583 mm. The proportion 
of tail: total length varies from 1:75*47 to 1:14(H). Linstow 
has given this proportion as 1 ;38*7. 

The distance from the vulva, to the tail-end varies from 
*887 mm. to TOO mm., and the proportion of “Vulva to tail 
end 11 : total length varies from 1: 39*7 to 3 :53*07. 

The males vary in length from 31*73 mm. to 30*2 mm. The 
tail measures from T03 mm. to T59 mm., and the proportion of 
tail: total length extends between 1:19*99 and 1:30*8. Lin- 
stow’s proportion is given as 1:2Tb. It, would appear that 
Linstow has based his proportion on measurements of a single 
worm of each sex. 

(!>) Infernal Anatannp 

The alimentary canal is norma, 1, consisting of an (esophagus, 
intestine, and rectum. 

The (esophagus is of unequal thickness, being approximately 
twice as broad behind the nerve-ring as it is in front of it. in 
the female it varies in length from 3*99 mm. to 5*89 nun., and 
the proportion of (esophagus : total length varies from 1:8*17 
to 1 ,* 1 T52. In the ma le tire (.esophageal length fluctuates between 
3*9 mm. find 4*53 mm., and the proportion of (esophagus ; total 
length, from 1 : 7*32 to 1 : 8*81. 

In transverse section the lumen of the alimentary canal is tri- 
mdia.te anteriorly, hut. towards the posterior portion of the 
intestine it becomes tetra-, pen in.-, or hexa- radiate. 

liectal glands occur around the anterior end of the rectum in 
both sexes. They are four in number and are symmetrically 
arranged. 

The female reproductive system is typical, and the vulva opens 
to the exterior, a short distance in front of the anus, on the 
ventral surface. The eggs are developed from a poly nucleated 
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mass of protoplasm, and twi|iurn «Iisl-in<*l n<*ss as they approach 
the oviduct. 

The ova vary in length from 47*5 p. t,<> 52 //,, and in breadth 
from 28*75 /x to 34*1 /a. The thidcnexs of Ho* shell varies from 
6*25 ft to 6*52 /*. As a rule a, coih*d-up larva, is formed within 
the shell before the “ eggs '* are extruded from the uterus. 

It is possible to burst the u eggs'* under a cover-glass and set 
free the contained larva"*, which average 201 /x in length. They 
are slightly attenuated towards the bend-end, which is charac¬ 
terised by two protruding Ups as in the adult, but there is no 
eiitieuhir collar- The tail ends in a point, and is hunt at an angle 
to the remaimlor of the body, but exhibits no sexual dilleren- 
t ia t ion. 

Text-figure o. 



Tad of mature female Prohpfrs sitiflfaofa. 

The male reproductive system is of the usual type* 

The excretory system consists of two canals, which pursue a 
sinuous course, one in each la,tend line. From each canal 
a single branch descends to the ventral surface, where they unite 
just before reaching the excretory pore. 

The nervous system consists of a well*defined cimnnmso- 
phageal ring, which'gives ofi* numerous branches both anteriorly 
and posteriorly. 

Life-History. 

The literature dealing with the life-history of Prohpins seiUi - 
cola is scanty. In 1865, McIntosh (10) described u The Tre- 
inatode Larva and A scar is of the Car emus mamas.” He 
discovered two specimens of his so-called A scarfs, one of which 
was lost, but his description of the other in some respects agrees 
with that of Prole pi as scillieola, ■ 
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-tor* 

,l.u 1870, Van Bencdeii (1) stated that *'I?r. McIntosh has 
found asexual nematodes in the ‘liver’ oi Cardans nuvnas, 
whirls appeal* to he the young of Coronilia (Van Benedeii).” 

Again, in 3 875, Van Beneden (8a) stated that “The ordinary 
crab of our coasts, Car cm as mtrims, is the vehicle of a nematode 
which becomes a Coronilia robust a in the stomach of a, ray.” 

Vaullegeard (14) in 1896 reported the larva of ('or on ill a 
rolmsta (Van Beneden) from a number of Crustacea, us, but stated 
that it was rare. In addition to Carchms mamas, lie discovered 
it in Porlnmus war morales Leach, Ilyas arcme.es Linmeus, and 
Pag arm bendiardus Linnaeus, but found only ouc example in 
each of the last three hosts. Later he found a dozen nematode 
larva* in Portmms dope valor Pennant (=P. marmoraies Leach ). 

Linstow (9) mentions the discoveries of McIntosh and Yaulle- 
gc*iir<l, and states that the latter distributed the preparations of 
the larva), which indubitably belong to the genus Spi ropier hut 
(Van Beneden). 


Experimental* 

Following up the suggestion of Yan Beneden, I have attempted 
to infect the Common Shore-Grab, Caret mis mamas, with the 
larvae of Proleplus seillicola . 

The results so far have been disappointing, as I have succeeded 
in obtaining only one larva, which I may reasonably assume to 
have developed from eggs, taken in with mature females of 
Prolepf/ns seillicola , on which the crabs were fed. 

During the course of these experiments I have dissected 
100 crabs, of which 59 were utilised in the feeding experiments 
and the remainder in control experiments. Of the 59 crabs used 
in the feeding experiments, 8 were infected with Proleplus lervtc, 
48 larva* being found. Two of the 4 3 crabs used in control 
experiments were infected, six larvie being found. 

Owing to the fact that all the larva?, except one, found in Hie 
crabs used in the feeding experiments were as old or older than 
those found in the controls, I am bound to conclude that they 
occurred as the result of natural infection. 

The larva which i presume to he the result of my feeding 
experiments measured 1*85 nun. The length of the (.esophagus 
was *85 nun., and the proportion cesophagus: total length was 
1 : 5*28. There was no cuticular collar present, but the tail 
was bent at an angle to the remainder of the body. 

The older larva?, examined varied in length from '10*18 mm. 
to 20 mm,, and the length of the cesophagus from 1*79 mm. 
to 2*68 mm. The proportion (esophagus: total length fluctuated 
between 1: 5*09 and 1 *. 8*29. 

In the majority of these older larva? the head-end was sur¬ 
rounded by the cuticular collar which is so characteristic of the 
adult worm. Genital organs were absent, as was also differen¬ 
tiation at the tail-end. 
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J hare dissected a, number of specimens of Pay urns hcrnftanho s*. 
but bare not found any larvie of Jkokptus set I (kola in them. 

Conclusions, 

The above experiments show that the lame of Prohptm sciUi- 
cola undoubtedly occur in Car clans mamas, hut my failure to 
produce an artificial infection seems to point to the fact that 
( 'arcimis is not the true intermediate host. 

It is possible, however, that Car emus mamas may play some 
part in the infection of the Dogfish. Sci/IHum canicula does not 
normally occur at a less depth than thirteen fathoms, whereas 
Card airs mauas rarely occurs below a, depth of three to four 
fathoms. During the breeding-season, however, Dogfish come 
close inshore, and it is probable that some of its infection takes 
place at this season. 
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2«S. On the Sexual Phase in certain Indian Naididm (Oligo- 
cluf-ia ). By Haui: 14am M’kuua, M.Hc., Professor of 
Zoology, Hindu University, Benares'*. 

[Received .hint; 15, 1020 : RmkI Noveiutcr 2, 1020.] 

(Text-figures 1-3.) 

I have recently collected in the neighbourhood of Agra a large 
number of examples of the following species of Naidhhe and 
Tubificnke, many of which are fairly common there 

Xa is pectin at a var. hutqactUs Stephenson. 

Xais coHimtmits Piguet, var. pmvjaheusis Stephenson. 

IJmmoncm laureutii Stephenson. 

Chmiogaster oriental is Stephenson. 

Ohaiognster jmuJjahensis Stephenson. 

Dero limosa Leidy. 

Pristina longiseta Ehrbg. 

Bremchiodrilns horteusts Stephenson. 

Branchiara sowerhyi Beddard. 

As is well known, the Xaiduhe usually reproduce asexual ly 
by fissiou, and in many species the genital organs have never yet 
been described. As Stephenson remarks (3), if such descriptions 
i; were available throughout the group, it can hardly he doubted 
that we should be able to judge better of the a him ties of genera 
and species, and consequently to improve our classification ; .since 
the diagnoses of species and genera, and the scheme of classifi¬ 
cation, depend at present to an unduly large extent on one single 
set of characters, the form :j,nd distribution of the tsetse/ 7 I 
therefore give an account of the sexual organs in two of the 
above species, Xais peetinaia var. inaqimlk and Branchiodnhts 
horlensis ; though the organs have been described in certain 
other species of Xais, we have as yet no account of them in any 
species of the genus Jlranehiod rihts. 

All the species of Naiduhe which have been observed by 
Stephenson to become sexual in Lahore, considerably further 
north than Agra, do so from February to May; the rains are 
there later and scantier than further south, ami May, June, and 
sometimes July, before the rains appear, when the ponds are dry 
and the ground baked, hard, represents the most unfavourable 
season of the year for pond-life. In Europe these worms would 
seem usually to enter on the sexual phase in the autumn, before 
the rigours of winter. In Agra I found the sexual specimens 
described below in the autumn—in this part of the country the 
rains are abundant from the latter part of June to September; 
the ponds begin to dry up in October, and the cold weather 

• Ooummnunitnl by J. &TKPhenson, 1 >■.&*., F.Z.S. 
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appears, as in Europe, to ho tho unfavourable season. Whether 
the sexual phase makes its appearance in springer autumn, there¬ 
fore, it seems to be a measure of protection against approaching 
a,itverse conditions; the ova,, quiescent or developing slowly 
within the cocoon, are probably able to withstand such conditions 
better than the adult animal. 

In the case of J\ r ais peelittala vai*. i nap ti alts, after the attain¬ 
ment of tho full sexual phase, the alimentary canal in several of 
my specimens was seen to degenerate; the same phenomenon 
lias been noticed by Stephenson (3, 4) in JJero Umom and 
][<BiiiOimis lat>/ i ealii. 

Many specimens of Brandt iara stuntrh//i : JJero / hnosa, Branch io- 
tlrilm liorlcusls , and l(mmovals lanrmlii were found living 
together in the mud of a pond near Siknndra. A similar curious 
association of Brand tiara innecdnji and a. species of Branehio- 
drilus has been noted by Beddnrd (1) in the Victoria, regia tank 
in the Royal Botanic Society’s (.hardens in Regent’s Park; and 
Brandt,iara sotcerbi/i : Branchiodrilus Jtortensis , ami a, species of 
Dern have been found associated by Stephenson under natural 
conditions at Lahore (2). These three are among the few genera 
of Oligoclueta which possess gills; in Jlannonais lanrenlii , the 
fourth worm which .1 found in the association, though there are 
no gills, the vascular system is, for one of the Naidithe, particu¬ 
larly highly developed. 

Nais pectikata vat*. ix .equal is Stephenson. 

Since Stephenson had only spirit specimens at his command, 
1 prolix, a short account of some features of the general anatomy 
of this norm. 

My specimens were larger than Stephen son’s, their usual 
length being 8-10 mm,, but when fhe worms are fully extended 
it may roach 15-18 mm. The colour is light reddish brown. 
The prostomium is bluntly conical. Tho worms exhibit active 
wriggling movements. The number of segments varies consider¬ 
ably - from 40 to On, 

The ventral setre are 4 4> in a bundle, ii.Mia.liy 5 ; the length of 
those in the anterior segments (ii.-v.) is 97-1 On //., of the rest 
88-9 3(i. Tho dorsal hairs were 309-49*2 //, and the dorsal 
needles 1015-112/.*,; there is a, slight indication of a nodulus on 
the latter. 

The penial sebe (text-tig. I) are the modified ventral seta' of 
the sixth segment. They are 4~(> in a bundle, 98-105 p, in 
length, and are somewhat swollen near tho tip, which is usually 
not forked although it is slightly hooked. Only two seta; were 
noted ns being* bifid at their free end, and in these the prongs 
were short, blunt, and of equal length. The whole bundle has 
somewhat the appearance of a fan, and arises to the inner side of 
the male genital aperture. 

Ordinarily the dorsal soke begin in the sixth segment, as 
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usual In tlie genus. In sexually mature specimens, however, 
the} r begin in segment viii.; in one specimen tliere were needle 
set-re only in the dorsal bundles of viii., but no hairs; in a few 
the set-re only began in ix.; in two cases the setae were seen to be 
thrown off from segment viii. when a cover-glass was gently 
placed over the worm, 

The body-cavitv contains a large number of rounded corpuscles, 
brownish in colour, and in addition there are a few colourless 
corpuscles filled with ref motile granules. GVelornic corpuscles 
were more numerous in specimens which had been kept in the 
laboratory for several days. They are few in the first six 
segments. 

Text-figure 1. 



A. lVnial seta of Xttis^cciinata var. intiqiudig, X o-lO. 
li. P'.'tiial sutu ot* lirtniefihu/Nhat hthdcuaia, X 5It). 

1 drawn by cumnra ltunria. 

The pharynx occupies segments iii.-v., and is diffusely covered 
by a, small amount of ehloragogen pigment, which extends right 
up to the prostomiuvm In a transverse section the cavity has 
the appearance of an inverted T, owing to the presence of a 
median dorsal diverticulum: this diverticulum and the dorsal 
wall of the pharynx are ciliated* On the upper and lateral 
surfaces of the pharynx are a number of pyriform cells, their 
narrow ends resting on the surface of the pharynx; these are 
arranged in groups of three, four, or more, and the groups are 
separated by strands of muscle which pass upwards from the 
pharynx to* the body-wall. The cells are about 30 g in length 
and 9 g in thickness ; they stain deeply with hematoxylin. The 
whole pharynx much resembles that of llamonais lavrentii (4). 

The gut is not distinctly differentiated into (esophagus, stomach, 
and intestine; it is somewhat larger in segments vi.-vlih, then 
narrow as far as xiv., after which it is continued as a fairly broad 
tube for some distance. Its epithelium is ciliated. The anus is 

31 * 
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dor,sal. Strong ciliary movements wore seen in the posterior part 
of the gut, the direction being forwards; anfiperistallie con¬ 
tractions were also noticed to he taking place over some length 
of this part of the tube. 

The blood is yellowish, and without corpuscles. The dorsal 
vessel lies on the left side of the alimentary canal near the 
ventral surface as far as septum 5/0, where it becomes dorsal, 
and lies over the pharynx it is surrounded hy cldoragogeii cells, 
or in tiie region of the pharynx by the pigment previous!)' 
mentioned. It bifurcates near the anterior end of the animal, 
and the branches, turning ventraily, unite to form the ventral 
vessel at the level of the first ventral setal bundles. There are 
four pairs of lateral commissures in the pharyngeal region, which 
form a plexus; behind this, from segment vi. onwards, there is 
a commissure on the anterior face of each septum,—in some 
specimens, however, those were only seen as far back as segment 
xvi. The body-wall is devoid of capillaries. 

The first iiephvidium lies in segment vii. 

The cerebral ganglion is large and bilobed, deeply indented in 
front and behind. The ventral nerve-cord has an irregular 
lobulated outline, ganglia not being clearly distinguishable. 


Text-figure 2. 
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Genital return of A 'itin pvctinufa vttr. hitttfit.nl itt. Ah \, atrium ; qjucnlaturv 
duct \jhii.f; fbuiiilc fiuini;!; m»„ ovum; uins,, ovisne.; xcp. d/a, r»/( !, ami 
0 7, the septa hut wren segments iv. ami v.. v. and vi., and vi. and vii,; 

semimd I’mtmd; xp.a„ spcrm-sac; apt It., sperma/tlmca; vas 

dtdVruus; //.. yolk ; <£, male aperture. X eu. 120. 

Text-tigs. 13 and 3 are sw uidiagnuumutic, and are compiled from several 
successive vertical sections. 


Genital Or yam (text-fig. 2).—As usual in the Naidida*, the 
gonads appear first, and disappear entirely before the rest of the 
genital apparatus has reached its full development. 

The testes are a, pair of ovoid bodies attached to the posterior 
face of septum 4/5. The ovaries are similar in appearance in the 
living specimen, hut smaller; they arise from the posterior face 
of septum 5/6. ■ 

The seminal vesicle is formed soon after the appearance of the 
gonads, as a backward bulging of septum 5/6, which later on, 
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w!u*n distended with tlio male pvodueis. may reach as ihr back as 
.segment xii. The vas dtderens, one ,u, aarh ;h ; s short tube 
with only a single Demi ; in dimnoD r it is 1 5 p. except where it 
joins the atrium, where it is only b y; it has a uniform lining 
of cubical epithelial cells, tt passes vertically down wards from 
the funnel on the posterior fare of septum 5 6, and then after a, 
slight bend enters the atrium on its anterior aspect close to the 
origin of the ejaculatory duct. 

The neck of the male funnel lies in the mouth of the sperm- 
sac (seminal vesicle). The funnels fill up the mouth of the sac, 
and are directed upwards and backwards just within it; they 
meet each, other in the middle line above the gut by their inner 
margins, and their outer surfaces are fused with the contiguous 
part of the wall of the sac. They are cup-shaped, with everted 
lips, and are lined by columnar ciliated cells with prominent oval 
nuclei at the base. The greatest diameter of the funnel is 
about 45 /x. 

The atria are ovoid chambers with their long axes vertical, 
lying one on each side of the seminal vesicle in segment vi. Each 
is 80-90 /x in height and 45-50 /x in breadth, and is lined hv an 
epithelium of cubical cells with indistinct outlines and con¬ 
spicuous nuclei; outside the epithelium is a thin coat of circular 
muscular fibres, outside which again the peritoneum is indicated 
by a few scattered nuclei. The lumen may contain spermatozoa 
or only a little eoaguhun. The ejaculatory duct is short, 
about 30 f.i ; its epithelium consists of closely packed columnar 
cells with large peripheral!}' situated nuclei; it has a fairly thick 
investment of circular muscular fibres. The duct may be in- 
vagiuated into the base of the atrial cavity : it opens to the 
exterior in the depth of a short tubular depression of the ventral 
hod}»■-wall, about 15/x in length, which is narrower at the surface, 
and broader above, where it receives the duct. There are no 
i; pro static ” cells in connection with vns deferens or atrium, 

A thick band of muscle-fibres runs vertically upwards from the 
ventral body-wall, lying internal to the atrium and supporting 
the sefcal sac containing the penial seta:?. 

The ovisac, formed by the backward bulging of septum 6/7, 
surrounds the sperm-sac which lies within it. It may reach back 
to segment xvi. ; it contains a large mass of yolk granules, which 
stain faintly with eosine; and in its hinder part a number of 
ova. The septa of the several segments behind the seventh 
retain a transverse position between the body-wall and the ovi¬ 
sac, fusing closely with the periphery of the latter. Large 
blood-vessels are seen closely applied to the sperm-sac and inner 
face of the ovisac. 

The female funnels are attached to the anterior face of septum 
6/7 near the ventral parietes; the cells lining it are small, and 
appear to be modified peritoneal cells containing little else than 
nuclei. In one specimen the funnels were seen to open on the 
ventral surface at about the level of septum 6/7. They are seen 
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only in specimens which have reached full sexual maturity, and 
eon side ring the Luge size of the ova seem to he too minute to he 
of any functional importance. 

The spermathecas occupy segment v., and their openings lie at 
tlie anterior edge of the elitellmn immediately behind septum 4/5. 
The ampulla., attains a. maximum height of 1 05 p; its posterior 
surface lies near the mouth of the sperm-sac, while in front it 
may push forwards septum 4/5 so as to encroach on segment iv. 
The ampulla? when distended are ovoid, and meet and press on 
each other in the middle line above the alimentary tube. The 
epithelium is low and flat, except near the duct where the (‘oils 
are fairly high and cubical. There is a. thin layer of circular 
muscular fibres, and a few peritoneal cells on the outside. The 
spenmitheeal duct arises anteriorly instead of from the middle 
of the base of the ampulla; it is slightly oblique in position, 
cylindrical, about 45 /a in length ; its lining consists of closely 
packed columnar cells with nuclei peripheral, and a fairly thick 
coat of circular muscular fibres surrounds this epithelium. 

The elitellmn covers more than half of segment v., and all vi., 
vii., and viii.; to the naked eye it is opaque white. The cells 
are four times as high as the ordinary surface epithelium, are 
vacuolated, and when fully developed lose their distinctness of 
outline. The elitellmn is absent from the regions of the body- 
wall between the spermathecal pores and the male apertures, 

The alimentary canal undergoes great, degeneration in the 
sexually mature worm. Though known in J)ero Umosa and 
IL.v.momm Imimntii, the phenomenon has not so far been observed 
in the genus Ncm. In advanced stages of maturity the mouth 
becomes dosed ; the buccal cavity and anterior part of the 
pharynx lose their lumen and become reduced in size ; the pharyn¬ 
geal cells lose their distinctness of outline, and those of the 
ventral wall are reduced in size, low and cubical. Behind the 
pharynx the gut is continued as a narrow band without a. lumen 
as far as segment xii.; the cells lose their regular epithelial 
arrangement, and the solid cord is, seen in section, smaller than, 
or sometimes about the same size as, the ventral nerve-cord ; 
there may be small spaces here and there, filled with fluid ; there 
are large blood-vessels around it, in close contact with it. 
Behind the sperm-sac there are small cavities in the solid cord of 
disintegrating cells ; but after segment xvii. the intestine, though 
still narrower than in the normal worm, retains its proper form, 
and is lined with columnar cells surrounded by chloragogen 
cells; the lumen is either empty or contains some granular 
matter. Although the gut is thus degenerating in the anterior 
part of the body, the nephridia are normal, the blood-vessels are 
larger than usual, and the same is the case with the cerebral 
ganglion; the specimens manifested the characteristic wriggling 
movements, and were thus in no way pathological. 

When such specimens were kept under observation for three 
days, their anterior portions, containing the genital organs, 
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separated oti ns a, sort of cocoon, while the Innder 'port of the 
Lilli mol lived fov some time, but was unable to regenerate and 
ultimately died. If appears, then, that death ensues alter the 
full attainment of the sexual phase, and the cocoon is probably 
the whole anterior region of the worm which lias been separated 
off. 


'Branchtodpjlus iiortexsis Stephen son. 

Many examples of this species were collected during the lasi- 
two weeks of October and the first two weeks of November, from 
tlio mud at the bottom of a pond at Sikandrii; and of these 
nine were found to possess fully developed sexual organs (text- 
fig, 3). 

Text-figure 3. 



< lanital region of Bmickioth'iUt* hoHaim, The atria lie one on each side of the 
sperm-sac, ami tin? vas deferens is seen running internal to the atrium of 
its side; the funnel lies far behind in the sperm-sac. Pc., prostate; the 
remaining letters sis before. X ca. 125. 

* 

The elitellum occupies segments v.-viii,; it is opaque white in 
the living animal. It is about *05 mm. thick; the cells have a, 
coarse reticular structure, the meshes of the network being clear 
spaces; the nuclei are indistinct. The elitellum is absent 
between the spermathecnl openings and on the ventral surface in 
the anterior portion of segment v. it is formed after all the 
other sexual organs have been developed. 

The testes had disappeared in all the specimens examined. 

The sperm-sac may reach, as far back as segment six. or xx., 
in two cases to xxvi.; usually it extended to xviii. 

I’he male funnels are within the sperm-sac, some distance 
behind its mouth, and here they nearly fill up the available space. 
Their lips are everted, and their outer margin is attached to the 
wall of the sperm-sac. The width of the funnel is 90 /x ; its cells 
are high and ciliated, with nuclei at their base. The cells and 
cilia of the upper lip seem to be taller than those of the lower. 
The vas deferens is 30 ft in diameter; it is a fairly long tube, 
about *2 mm. in length, and consists of two parts, a posterior 
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longitudinal and mi n uterine ascending portion. Thu longi¬ 
tudinal portion passes hu-wards from tlie funnel, and is about 
1*'*5 u in length ; its last pail lies over the upper wall of the 
■sperm -sac. The tube then bonds upwards ; the vertical ascending 
portion, ’about IHlg in length, lies just behind septum 5, (>. In a 
few specimens the longitudinal portion formed a, distinct curve 
towards the ventral huily-wa.il before rising to be continued into 
the ascending portion. The cells lining the vns deferens are 
about half as high as those of the funnel, have oval nuclei at the 
base, and are without distinct cell-outlines; there is a thin 
covering of muscle-fibres outside the epithelium. The tube 
enters the atrium on its {interior face much above the middle; 
the ascending part of the duct as it opens into the atrium is 
surrounded by a thick coat of muscle-fibres, continued onto it 
from the muscular covering of' the atrium ; the change from the 
cubical cells of the duct to the columnar cells of the atrium, 
is sudden. 

A bundle of muscle-fibres directed upwards from the ventral 
body-wall is attached to the .ascending portion ; and a few fibres 
connect it above to the dorsal hody-wn.il behind septum 5/(1. 

The atrium is a large pear-shaped body, taking up nearly the 
whole length of its segment, 230-240 p in height and about 
190g in length antero-posteriorly; in only one specimen were 
spermatozoa seen in its interior. The epithelium is columnar, 
the cells IB g, by log., with oval nuclei lying at the base ; outside 
the epithelium is a thick coot of circular muscular fibres. 

The ejaculatory duct, .about 78/* in length, opens at the top of 
a Tubular depression of the ventral body-wall about 42 /i in depth, 
and is capable of being everted, when it projects slightly as a. 
short pseudo-penis. The epithelium of the duet consists of 
columnar cells with elongated nuclei, and has a. thick investment 
of muscle-fibres. 

The u prostate consists of a large mass of pear-shaped cells 
around the ejaculatory duct; the cells contain granular pro¬ 
toplasm and n large oval or rounded nucleus near the base. 
A few muscle-fibres surround and enter the mass of cells from 
the ventral body-wall. There art* a few blood-vessels around the 
atrium and prosratie cells. Two hands of muscle-fibres, arising 
from the* setal sac, are attached to the atrium behind. The male 
opening lies internal to and at the level of the ventral sot<e about 
the middle of segment vi. 

The o\isne, formed by the backward fudging of septum 6/7, 
and, as usual, enveloping the sperm-sac, is" filled with a large 
mass of spherical and elliptical yolk granules about 7-15 /x in 
diameter. The ova arc fairly large, and lie in two or three 

masses. 

Hie female funnel, about 45 /x .in. height, lies over the lower 
poihou of septum 6/7 near the ventral parietes in segment vi. 
iNo female opening was seen. ~ 

The large spermatheem occupy the fifth segment. The ampulla 



SEXUAL PHASE TN INDIAN NAIWBJE. 


m 


is somewhat heart-shaped, or ovoid and iiuiulif.il below where t he 
hurt arises. Its size \aries somewhat; in height it may be from 
207 to 270 p, its length anteru-posteriorly rather greater audits 
width rattier less. The ampulla*, are tilled with spermatozoa, and 
are so large as nearly to till up the whole segment, the remaining 
organs occupying only a small space holow their contiguous inner 
walls. The part of the ampulla anterior to the duct is somewhat 
bulged downwards, and is lined with columnar cells ; the part of 
the wall behind the duct is lined with cubical cells, which 
gradually decrease in height as they pass upwards on the posterior 
wall; the rest of the ampulla is lined by a very thin epithelium 
of attenuated cells whose outline is quite indistinct. Outside 
the epithelium there is a thin coat of circular muscular fibres— 
the only part of the wall visible over a large portion, on account 
of the thinness of the epithelium. The spennatheca] duct leaves 
the ampulla below, nearer its anterior wall, and is about 130-140 p 
in height, including the depression of the body-wall where it 
opens to the exterior. The duct is narrow above and below, but 
somewhat swollen in the middle; its epithelium consists of 
narrow columnar cells having elongated nuclei. There is a. thick 
covering of muscle-fibres outside the epithelium. The sper- 
mathecal opening lies internal to and at the level of the ventral 
seta* of the fifth segment, some distance behind septum 4/5. 

The penial seta* are the modified ventral setae of segment vi. 
They are two or three in a bundle, somewhat hooked at the 
distal end, which is not bifid. In length they are about 132 p ; 
the shaft consists of a. distal narrow portion about 36 p long, and 
a proximal stouter part 96 p long; there is no distinct nod ulus, 
but the distal narrow portion is bent outwards and thus not in a 
straight line with the proximal segment (text-fig. 1). 
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29. Observations on the Flight of Flying-Fishes. 

By E. H. Hank in, M. A., >Sc.D., Agra, India*. 

[Received August 4, 1020: Read October 19. 1920.] 
(Text-figures 1 «fc 2.) 

A point hitherto overlooked in the study of the flight of flying- 
fishes is that the air is suitable for their flight to very different 
degrees on different, occasions. In this respect their flight 
resembles that of soaring birds. This statement may he illus¬ 
trated by the following examples. 

1. Flight muler unsuitable atmospheric conditions . 

On the 1st June, 1920, at about a quarter of an hour after 
sunset, the ship on which I was travelling across the Arabian 
Bea was disturbing groups of small living-fishes at the rate of one 
or two groups per minute. The surface of the sea was either 
glassy or disturbed by ripples too small to be easily visible. 

Each fish, on emerging, jumped out of the water so far that, 
while the body was supported on the outstretched “ wings,” the 
end of the tail was still immersed. This organ was thereupon 
wagged vigorously from side to side, as is usual when starting, 
thus forming a trail of ripples in the water. After proceeding 
thus for the unusually long distance of four or five metres, the fish 
raised its tail from the water and began to glide. The length of 
the glide made by each fish was, at first, about a metre. Within 
a few minutes a, change was observed. The fishes of each group 
disturbed by the ship made shorter and shorten- glides, until at 
length each fish fell into the water immediately it ceased to move 
its tail. 

One fish flapped its wings at starting, but made no better glide 
than the others. 

■ About half an hour previously, in sunshine, the ship had also 
been disturbing small flying-fishes, which had flown for such 
distances as are usual. Just before sunset the first symptoms of 
lessened suitability of the air for their flight were observed. The 
fishes began to show lateral instability. It may be noted that 
both vultures and fiying-flslies are more apt to show lateral 
instability late in the afternoon than at other times of the day. 
The stage of lateral instability shown by the flying-fishes soon 
passed off and was replaced by one in which the course of §acli 
fish, instead of being a horizontal straight line, was undulating. 
Each fish showed two or three alternations of gain and loss of 
height before falling into the water. This condition soon 
changed to that first described. 

# Communicated by C. Tate Rkgay, F.R.S., F.Z.S. 
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In view of these gradual changes in the performances of the 
fishes, there seems to he no room tor doubt that they wished to 
get away from the neighbourhood of the ship, by air and as 
quickly as possible, throughout, ami that the air was getting 
progressively less and less lit ted for their flight. 

On the other hand, it has been observed by me on many 
occasions that the air remains suitable for the gliding flight of 
flying-fishes after sunset if wind is present, 

2. Flight nfullyJaroitrahle airtiosphork conditions. 

During the same voyage, in sunshine and in the presence of a 
light wind, flying- fishes were seen by me to fly at a uniform 
height above the water til! they were nut. of sight. Tins was 
noted on two or three occasions. On a. .previous voyage I had 
seen a flight till out of sight under cloud in a monsoon wind. A 
binocular was used for these observations. Usually the longer 
flights appear to lie between 200 and 400 metres in length. In a 
flight of this kind the following phenomena, may he noticed :— 

The fore wings (pectoral fins) are usually in the flat” position, 
i. e, extended in the horizontal plane. Sometimes the wings are 
slightly inclined upwards. In this case the outer part of the 
wing is at a higher level than its base. This may he called the 
*'• up ” position. Rarely the wings tire inclined very slightly 
downwards. This may he described as the u down ” position, 
This latter disposition, which I was only aide to see distinctly on 
my recent voyage, is probably that used for flight at highest 
speed, as in slow-,speed flight the wings are inclined upwards to a 
strong degree. 

Unis in respect of its wing-disposition the flying-fish resembles 
the soaring vulture, for vultures have their wings in the u up” 
position for slow-speed flight and use the u flat ** wing disposition 
for flight at high .speed. A further resemblance is indicated by 
the following very unexpected observation :— 1 • 

If the flying-fish is very carefully observed the extreme wing- 
tips, for nearly an inch of their length, may be seen to be bent 
up forming an angle of perhaps 4b degrees with the rest of the 
wing. If the sun is not far above the horizon, and if the fish is 
travelling away from the observer "in a southerly (presumably also 
in 1 a northerly) direction, then the wing-tip furthest from the sun 
appears thicker than the other. This appearance has been seen 
by me quite clearly and definitely in flying-fishes of two different 
species. The appearance seems to be due to the upturned wing- 
tip being bent round so that it has a negative angle of incidence 
and lienee, when the sun is low, the underside of one wing-tip is 
seen in shadow. When the sun gets higher the visibility of each 
wing-tip is reinforced hy shadow in this way. But, at best, the 
upturned wing-tip is by no means easy to see. 

The bent-up wing-tips show no appearance of vibration. They 
appear as if held in their position by n steady force. As I have 
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state* 1 elsewhere ( ; AniuKtl Flight,' llilie and Sous, 1914), the wing- 
tips of vultures iu horizontal souring flight show the terminal 
quills bent up ns though they were under the influence of a, 
steady force acting from below and behind. 

As the iish is emerging from the water an interesting appear¬ 
ance may sometimes he seen. The length of the trail (made by 
lateral movement of the tail) is generally less than a metre and a 
half. It may be only half a metre. At the end of the trail in 


Text-figure 1. 



Flying-fish starting, showing* trail of ripples made by movement of tail. 
Wings up and tail down as iu slow-spaed {light. 


a few observations the iish appeared to make a sudden jump out 
of the water, gaining height thereby to the extent of four or 
live inches. Had this appearance of a jump been due to an extra 
strong stroke by the tail, one would have expected to have seen 
an extra large ripple in the water. Nothing of the kind was 
observed. On other occasions, when the jump was not seen and, 
I. believe, did not occur, the trail was observed to get fainter 
towards its end (text-fig. 1). 





470 


IHt. J5. II. IIAX KIN ON THE 


A Speed of Jfight of flying flshes. 

During my recent voyage a flying-fish was seen Hying on a, 
course parallel with the ship ami at the same apparent speed. 
Dining eight seconds, timed with a stop-watch, it remained fixed 
in position relatively to the ship. The latter was travelling 
through the water at 15i knots or 7f metres per second. The 
direction of the real wind was learnt by noting the movement of 
the waves, that of the apparent wind by the position of the line 
of smoke from the funnel. From these data it was calculated 
that the velocity of the wind was 4 metres per second and that of 
the Hying-fish through the air was 10 metres per second. This 
estimate involves the assumption tha-t. the wind-velocity was the 
same near water-level as at the level of the top of the funnel. 

A similar observation on another flying-fish gave an identical 
result. Later in the day the wind decreased, and then flying- 
fishes travelling on the same course as the ship were seen to move 
distinct]}' faster than the latter. 

These flying-fishes were all gliding with tails hanging down and 
wings u up.” That is to say they were in slow-speed flight. In 
‘ Animal Flight 5 reasons have been brought forward for believing 
that, when in high-speed flight, (wings flat and tail up on a level 
with the body), flying-fishes may attain speeds of more than 20 
metres per second. 

Flapping sometimes occurs at starting, especially in the 
presence of wind and in the colder months of the year. The 
above-described observations of the position of the wing-tips, and 
also the sharp-cut appearance of the wings in species whose 
wings are opaque, definitely prove that flapping does not occur 
when once the fish is well under way. Hence flapping cannot 
be invoked as an explanation of the speed maintained during 
flight. 

Sometimes—when it may be supposed that the air is not fully 
suitable for flight, or perhaps if the fish is exceptionally frightened 
bv the ship—during its flight the fish lowers its tail into the water 
at intervals of about two seconds and wags it to and fro for a 
fraction of a second with a resulting increase of speed. 

4. Comparison with the speeds attained by vultures 
in horizontal soaring flight. 

That the speed of flight of flying-fishes is similar to that of 
soaring vultures when in horizontal flight is shown by the 
following figures:— 

During April 1920,, 1 made several measurements, in Agra, of 
the apparent speed of vultures with the help of a Souchxer 
telemetre by the method described by me in * Animal Flight/ 
Information as to the velocity of the wind in which the vultures 
were gliding was obtained from measurements made with the help 
of 1mlloons sent up by Air. J. H. Field (to whom I owe my thanks) 
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from the Agra A.erologieal Laboratory. The balloons were sent 
up at the time I was making my measurements. On one day 
seven balloons were let off while I was observing. From data 
thus obtained, it was possible to deduce the speed of the vultures 
through the air. 

Another set of measurements were made by me during the 
first eight months of the year 1915. In these cases, however, 
the balloons had been liberated four or live hours before my ob¬ 
servations were made. An error is thus introduced into the 
calculations which, it may be noted, is likely to be less on days 
of light- wind than in stronger winds. 

The results of these two sets of observations agree in indicating 
that vultures soar at higher speeds in stronger winds. The mean 
speeds calculateil from my data, are as follows - 

Observations made in 
April January to 
1020. August 1015. 


Velocities of wind, in which ' 
the vultures were flying. : 
in metres per second. 


0-3 
4-0 
7- 0 
10 -20 


Mean speed of vultures, in 
metres per second. 


11*0 

11*7 

11*8 

14*1 

15*0 

17*2 

20*0 

17*7 


'tlie above figures are based on 1*22 observations made in 
April 1920 and t>98 observations made in 1915. 

Seasons have been adduced by me for believing* that the 
vultures on which the above measurements were made, were, as 
they appeared to be, actually in horizontal flight anti that their 
speed, which they can maintain indefinitely, cannot be explained 
by loss of height. An additional reason may here be mentioned 
for this belief. It is that if a vulture glides, in soarable air, with 
even a small loss of height, its speed will very greatly increase 
beyond the above figures. For instance, in April last a measure¬ 
ment was made of a speed of 42 metres per second in a vulture 
flying nearly with the wind. The wind had a velocity of only 
24 metres per second at the height at which the vulture was 
flying. Hence the speed of the bird through the air must have 
been about 4U| metres per second. As this speed was exceptional 
and as the bird was travelling in the direction of a, place where 
vultures frequently settle, it was assumed that it was gliding with 
loss of height, though no loss of height was seen, and it was not 
included in the calculation of the mean speeds above given. 

If vultures in soaring flight attain velocities of fen to twenty 
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metres per second ami if their velocities tend to increase as soon 
as they begin to glide downwards, if is obvious that they must 
possess some means of checking .speed. Otherwise they would he 
unable to land without accident. In ; Animal Flight' two methods 
of checking speed, one used for high-speed flight, the other used 
for low-speed flight, have been described. Two analogous methods, 
for slow ami fast speed respectively, employed by flying-fishes 
have now to be described. 

3. Method of checking speed in h iph-speed flight. 

This method, which depends on changes of position of the hind 
wings (pelvic fins), has only been followed by me in species whose 
wings are coloured. It would he quite beyond my powers of 
observation to see the adjustment in those species whose wings 
are more or less transparent. Of the species that have yielded 
most opportunities for tlie.se observations may he mentioned one 
with black hind wings and another whose hind wings have a. 
chocolate-brown colour. The observations about to be described, 
are very difficult: to make, and the following account is, to some 
extent, compiled from glimpses of parts of the adjustment seen 
on different occasions. 

The fiying-iish starts its flight with the hind wings directed 
outwards and backwards and extended in the horizontal plane. 
At some distance, perhaps 50 metres, from the end of its flight, it 
may be seen suddenly to lower its hind wings (pelvic tins) so that 
they pointnearly vertically downwards. On my recent voyage, 
when using a, binocular of magnification 10. it appeared to me 
that, when the hind wings are in the down position, their plane 
is parallel to the direction of flight. In this position the leading 
edge only of the hind wing would offer direct resistance to speed 
ahead. But on a voyage in 1M14, when I was using an Aitohison 
binocular of the very unusual magnification 25, on two occasions 
the hind wings, when in the down position, appeared to me to be 
slightly rotated round their long axis so that their hind margins 
approached each other. On one of these occasions, during part 
of the flight, one hind wing was less visible than the other. 
This was probably due to its having been seen end on. When 
the fish changed its course so that it was tra,veiling direct3y 
away from me the two hind wings became equally visible. With 
the hind wings tit us disposed it is obvious that the air passing 
between them must be,so to speak, entering a funnel, and therefore 
much resistance would be offered to speed ahead. It is probable 
that these two dispositions of the hind wings are used successively, 
for, within about a second of the end of the flight, the two hind 
wings are suddenly rotated through nearly a. right angle round 
their long axes. The result of this manualvro is that the plane 
of the hind wings acquires a position at right angles to the 
direction of flight. In the first down position the hind wings are 
not fully expanded. In the last position they are expanded to 
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their greatest extent, thus offering the maximum resistance to 
speed ahead. On one occasion the adjacent edges of the two 
hind wings appeared to me to overlap. Almost or quite simul¬ 
taneously with the full rotation of the hind wings, the tail is 
hovered and the fore wings are placed in the up position. The 
tail then touches the water, and the fish falls in with practically 
no splash. 

Text-figure 2. 



In monsoon winds the fish may place its hind wings in the 
down position and even rotate them almost from the commence¬ 
ment of its flight. If this is done no high apparent speed is 
attained even in cases in which the fish is travelling at right 
angles to the wind. 

Much practice in observing flying-fishes was needed hv me 
before it was possible to see these adjustments of the hind 
wings. On my last voyage, in June 1920, I was able to see 
clearly the full rotation of the hind wings in flying-fishes of three 
different species. 

6. Method of checking speed in slo w-speed fligh t. 

If the flying-fish is making a flight at slow speed, as happens 
more frequently in the colder than in the hotter months of the 
year, and as happens usually in the absence of wind, an entirely 
different means of cheeking speed is employed and one which is 
much more easy to observe. 

During slow flight the fore wings are strongly inclined up and 
the tail hangs down. The hind wings, as in high-speed flight, 
Pa.oo. ZooL. Boo.—1920, No. XXXII. ’ 32 
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are directed outwards and backwards, Towards the end of the 
flight the hind, wings are somewhat suddenly advanced (text-fig. 2). 
They still remain extended in the horizontal plane. The effect of 
this movement is to bring the lift of the wings as a whole further 
forward in respect of the centre of gravity. The -fish consequently 
rotates round its transverse axis. It Js a rotation upwards, 
h e. the Lead goes up, the tail down. The angle of incidence of 
the fore wings is consequently increased to such an extent that 
their plane assumes a, large angle with the direction of flight. 
Consequently they present great resistance to speed ahead. The 
speed rapidly decreases and the iish drops. The tail is the first 
port to he immersed, and the animal falls in with a very small 
amount of splash. 

7. Termination ofjfiyht vrithonl checking speed. 

A species of Hying-fish is. known to me which is of small size 
and which generally appears in groups of eight or ten individuals. 
They do not, as a rule at least, fiy cither so far or apparently so 
fast as individuals of other species that have come under my 
notice. Their flight also differs in two other respects. First., 
they usually fly in a straight line and do not follow the water- 
surface as is generally the habit with other species. Secondly, 
at the end of their flight they steer downwards by retiring the 
wings throng]t an angle of about forty-five degrees. They then 
plunge head foremost into the water without, any visible attempt 
to check their speed. 

It is possible that this species is identical with ITcoco tns evolans. 
This is the name of a species, or of a group of closely allied 
species, which differ from other flying-fishes in that their pelvic 
fins are small and placed far forward. Hence these fins are 
unfitted to function either for checking speed or for steering in 
the vertical plane. 

It is probable that the frequent shortness of the flights of 
flying-fishes is often involuntary. My observations indicate that 
flying-fishes sometimes behave as if they had made a mistaken 
estimate of the suitability of the air for their flight. On one 
occasion I noticed that they were starting with their wings 
disposed for slow-speed flight, that they immediately changed over 
to the high- speed disposition and then, at once, fell into the 
water with a splash. On my recent voyage I noted, on one 
occasion, that flying-fishes were starting with tails up (i. e. as in 
high-speed flight). They then, either at once fell into the water 
or lowered their tails and flew on. On other occasions when 
groups of small individuals emerged they all at once fell in with 
splashing or, in some cases, while the rest splashed in, one or two 
got away and made flights of normal length. 
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1. Introduction. 

During three years of breeding pure anti hybrid silkworms 
( Philosamia ), I have been increasingly impressed by the apparent 
reasonableness of what would be regarded as 11 uctuating varieties; 
and by reasonableness, I mean a genetic relation between the 
variations of the parents and those of the offspring. To under¬ 
stand such variations, what appears to be needed is a large 
number of exhaustive studies of normally occurring varieties in 
animals untouched by Man. Insects present a large number of 
variations, but little or nothing is known of their inheritance. 
The Japanese have made extensive studies of silkworms (largely 
domesticated), and in America, Roswell Johnson (13) has made a 
wide study of Hippodamia , as a result of which he lias been able 
to make the following important statement (13):—“Every variety 
or noticeable variation of Hippodamia that lias been tested is 
inheritable in some degree/" Miriam Palmer (21, 21 a) has also 
made successful studies of the American varieties of Adalia and 
other Coccinellids. Meissner (19, 20) and Schroder (23), in 
Germany, have made a small number of breeding experiments 
with some of the varieties of Adalia bipunctata . 

Work of this kind would have the added advantage that in 
some cases the sciences of genetics and classification would be 
able to go hand in hand, instead of, as is too usual, being mete 
bowing acquaintances. 

Adalia is highly suitable for work of this character, as there 
# Comurramcatod by E. Gheen\ F,Z,8., F.E.S. 
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art* many easily procurable varieties, which, as far as is known, 
are not regional. 

Palmer (21) worked for some lime at Aduha. but. she had only 
a few varieties to ileal with, as in America, there occurs only the 
“ type*’ and three varieties, whilst in Europe there are more than 
twenty-six named varieties. It would he impossible to get as 
quick"results here as in America, as two generations per annum 
are the most one can obtain in England under natural conditions, 
whereas Palmer suereeded in obtaining four and five during the 
long American summer. Our erratic climate also makes the 
food-supply (aphidesj more imeeilam than under more stable 
climatic coiiditions. 

Ooecinellids have been extensively studied in the United States, 
as the}" are there recognised to he of considerable economic 
importance ; but in England there lias been little careful study 
of their habits, their distribution, or the genetical and possibly 
regional relations of the varieties which are so numerous in some 
of the species. Donisthorpe (6) has published the only complete 
history of any species, Coccinella distincta . The following obser¬ 
vations were made in the course of genetical experiments which 
are still in progress. 

The varieties of Aclalia have been determined chiefly by 
Meissner and Schroder, who based their determination principally 
upon the variations in the colour of the elytra, but neglected the 
very considerable variations of the thorax. Schroder believes 
that the varieties from pure red elytra, at the one extreme to pure 
black at the other are modifications of a scheme of seven spots 
and a scuteller mark. This is an interesting matter of specu¬ 
lation, but we do know that in Europe there are two principal 
forms: (1) u type,” in which the elytra, are a, reddish brown 
with an approximately round black spot in the middle of each 
elytron; and (2) a black form with either two or three red spots 
in each elytron; when two are present, an upper lateral and a 
mid-dorsal, the variety is known as var. A- imii'idaia ; when three 
are present, an anal red spot being added to the above two, the 
variety is named HypmtidaUu All other varieties, none of which 
occur in large numbers, can probably be grouped about these two 
main forms. 

The Red varieties are generally acknowledged to be commoner 
than the Black, though very few accurate statistics have been 
recorded. Meissner found 35*2 per cent. Black in Simnnerfehl 
and 42*3 in Potsdam. In Staffordshire and Warwickshire I 
found 29 per cent. Black in 1918, 25 per cent, in 1919. In 1920 
I found 2*75 per cent. Black at Crouch Hill, London, K, 42*7 per 
cent. Black on bops at Bishop’s Frome, Herefordshire, 11*7 per 
cent, at Enville, Staffordshire, and, very much to my surprise, 
78*5 per cent. Black in the Edgbaston district of Birmingham. 
Further observations will show whether localities are characterised 
by certain varieties or whether the prevalent varieties Vary from 
time to time. If the 'Varieties remain the same, will it mean that 
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there is little or no migration, that hibernation takes place 
locally, and that the varieties breed true ? Or, does the particular 
environment allow only certain varieties to survive? 

Two, possibly four, factors have to be considered in a genetic 
study of the Black and Red forms :—- 

1. Pattern : that is, the shape and distribution of the spots. 

‘2. Colour: (a) black, which is the same in both “type” and 
hlack varieties; 

(/>) red, which, contrary to accepted opinion, I believe 
different in the Red and Black forms. 

3. Size: there is great range in size in the Coccinellhhe, which 

Jolmson believes is chiefly adaptational, but the mean size 
of the varieties under consideration is different, and perhaps 
constitutes a definite character. 

4. There may be a physiological factor in the reaction of these 

varieties to heat. 

Microscopical examination hy transmitted light shows that the 
reddish colour in both varieties is due to a clear yellow, to which 
brownish-red, semi-transparent particles are added in tiie Red 
form and red-brown and carmine in the Black variety. 

There is probably a physiological factor to account for the 
seasonal appearances of the two forms, in England the Black 
usually appearing later and disappearing earlier than the Red. 
I have also observed that when the breeding-boxes were over¬ 
heated, the Black could live at a higher temperature than 
the Red. 


2. The Food and Feeding of Adalia bipunetata. 

There is eonsidemble difficulty in feeding Adalia with its food, 
living aphis. The occurrence of aphis is very erratic, being much 
affected by sudden climatic changes, such as cold, wind, and heavy 
rains. At times they disappear inexplicably. 

Adalia will eat many but not all species of aphis. During two 
years' breeding 1 have found three species which are not accept¬ 
able :-*-(!) Aphis rumieis , the black bean aphis which is found on 
broad beans in early summer. The young of this species are 
eaten to a small extent, but the large only under stress of circum¬ 
stances. One may continually find a, bean-row black with this 
destructive aphid, but very few lady-birds upon them when, on 
a bed of nettles a few yards away, can be found large numbers 

of Ooecmellidae. -L\ septempunetata, C . variabilis , A. bijmnciata 

Ilalyzia 14 -guttata, If. 22 -punctata, and If. lA-punctata, —even 
when the aphids are not obviously numerous. (2 ) A bluish-green 
aphis {Maerosiphum aeonitum (Van der Goat)), which I have 
found only on Monkshood. This has never been eaten by A dalht. 
Johnson says “several of the highly-coloured aphis cannot he suc¬ 
cessfully fed to (Joecinellidsff (3) ffyalopterusprnni : this aphis 
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lias a grey-green mealy exudation, which fills the stomata of the 
larvae and so kills them. When a Victoria, plum was covered with 
this aphis, no larva? or imagines were ever tumid among them, 
and very few larva? of the Hover-tlv, which is probably an even 
more prolific eater of aphis than the Ooccinellkhe. 

The presence of large numbers of Coccinellidae on the Stinging 
Settle may be due to the fact that these insects are not univer¬ 
sally carnivorous. C. sepientpvuctata certainly eats the abundant 
pollen and possibly other products of this plant. Donisthorpe 
found that V dUiiitcta ate the honey supplied to ants, and I 
have found C. septettip a aetata eat the exudation from bean plants 
and Jerusalem artichokes in the autumn. During the summer 
1 have observed J . Vtpanciata apparently eating the juice of rasp¬ 
berries and split plums. 

The Adcdia larvae in the first two instars have to be fed with 
minute aphis, as, although sufficiently pugnacious to attack large 
aphis, the latter can easily shake them off. 

Any species of aphis were used in 1918, but in 1919 practically 
two species only —in early summer Aphispruni Fab., which attacks 
damson■-trees; and for the remainder of the year Aphis fagi 7 
which lives only on the beech. Although the latter is slightly 
woolly when full grown, it is in the earlier stages very acceptable 
to hipunekda. The copper-beech is attacked more frequently 
than the green beech, and on the former numbers of bipunctata 
are to be found all the summer. The supply of beech aphis has 
the advantage of being fairly constant, as the leaves and branches 
are so fiat and so close together that it takes a great deal of cold 
and rain to clean the aphis off the tree. The fiat leaves, which 
do not wither readily, are very suitable in boxes. The. aphis of 
the rose (Sipltomm rasa) and of the nettle (Aphis urtieia) both 
die quickly in boxes, presumably owing to the wilting of the thin 
leaves of the food-plants. 

In August 1920, after a variety of experiments, I found that 
the adults will eagerly eat pounded dates, upon which they can 
live for mouths. The newly hutched Larvie cannot use this food 
at all, but I succeeded in bringing one larva from the second 
instar to the perfect insect on dates alone, the imago being* of 
average size. Most of the older larva? kept alive on this diet for 
some time, but did not grow much and ultimately died. 

I have obtained the best results by feeding in dosed boxes. 
The boxes must be opened every day, not only to introduce fresh 
food but also fresh air, which is of paramount importance to this 
species. Great care has also to be taken to remove all mouldy 
leaves. A mould (probably Oladosporium aphidis Jhiim) quickly 
grows on the honey-dew produced by the aphis, especially that 
found on beech and sycamore leaves. This mould fatally attacks 
the larvie. It first appears on the thorax, but its method of 
producing death is undetermined. 

The main difficulty of rearing is the cannibalistic habit of not 
only A, Mpunctaia,, but also C, sepiempunctaia , C. mrmbilis , and 
\ A-pnnctata. The larva? eat eggs and one another in either 
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the larval or pupal stages. This phenomenon is not due to con¬ 
finement or lack of food, ns it takes place in the presence of 
abundant food and in normal natural conditions. One can easily 
watch what appears to be a form of Coeeinellid degeneracy among 
the lame which frequent red and black currant bushes. I have 
seen adult bipunctata and seplernpanctaia eat their own eggs in 
boxes and on the trunks of trees, but never eat either larva* or 
pupa*. This habit was also observed (S') in 0. dkthicta in con- 
fineiiient. Palmer has, however, observed the imagines eating 
larva* when there was no other food in the cages. On one 
occasion I watched a bipunctata eat the abdomen of a small tly 
caught in a spider’s web. After a period of experimental star¬ 
vation, two Aclalla bipunctata feasted upon a, small weak relation. 
Cannibalism has also been noticed by Palmer, Johnson, Burgess, 
etc. 

On hatching, the almost colourless larva* remain clinging to the 
empty egg-shells, part (never all) of which forms their first meal. 
They next fall upon one another. This same early habit of 
cannibalism also occurs in Epilachna (27), the vegetarian Lady¬ 
bird. If by chance an egg lags behind the others, it never 
hatches, for it is eaten by a, larva which was born a little earlier. 
The larvae remain on the egg-mass until fully coloured, and then 
suddenly and simultaneously disperse. Approximately a quarter 
of the larva? are eaten before this dispersal. 

During the first instar there is great mortality, partly owing 
to lack of sufficiently small aphis and partly to cannibalism. The 
young larvie do best in small boxes, as they seem incapable of 
wandering far at this stage to find food, which, I believe, is 
chiefly obtained by good luck and persistent wandering. As 
early as possible the larva? were isolated in separate boxes, but I 
was inclined to think cannibalism in the early stages a. physio¬ 
logically highly suitable diet, and, with this in view, I fed the 
bipmictata with small larva* of other species. This practice was 
not, however, always successful, as sometimes the eater became 
the eaten. Partially successful attempts were made to feed the 
larva? on cooked and raw heft's egg. Coeeinellid eggs were 
always eaten when put in the boxes, but this is not a suitable 
proceeding in the early insfcars, as an odd egg may escape and 
hatch. During 1918, 21 of • 22 families were reduced to one, as 
the full significance of cannibalism was not then recognised. 

It is interesting to consider the intermittent competition 
between larva? of the same batch of eggs. It is not the larva 
which first starts in the race which necessarily first reaches the 
winning-post. It maybe the first to reach the end of the first 
instar, but during the short quiescent period which precedes 
eedysis, it becomes a defenceless prey to those who have lagged 
behind. This special danger recurs at the end of each of the four 
instars. 

The method of attacking the pupa is always the same, the 
larva beginning on the ventral side near the anal point of 
attachment and eating its way upwards 1 and forwards, half 
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burylug itself in the process. Tine head, the t borax, and the 
tough dorsal skin are frequently left untouched. 

There is, however, no special mode of attacking the aphis, and 
certainly no painless method of dining. The bipunctata catches 
hold of a passing aphis and at once proceeds to devour it in spite 
of its struggles, which continue far into the meal. The legs, the 
wings, the head, and part of the cuticle of abdomen and thorax 
are usually left. The meal may take as long as five minutes. 

The mother hiptmcteda is not very wise in her choice of a posi¬ 
tion for her eggs—many are laid on leaves, but also many on the 
branches and trunks of trees, I have even found them on wooden 
palings and on stones bv the side of garden-paths. As the young 
lame cannot wander far in search of food, and as the parent is 
3a,eking in the Instinct to lay eggs where there would be an 
adequate larder, the capacity for eating eggs and one another may 
he of considerable biological value. Indeed, knowing what we 
do of aphis, one realises that it would indeed be a wise Lady-bird 
that could guarantee aphis for its newly-hatched young. The 
period of incubation varies from three to nine days, and in that 
time the aphis might have disappeared. In May 1918 the 
damson-trees were covered with aphis for three weeks; without 
any apparent change in the weather, the aphis began suddenly to 
descend the tree-trunks in myriads, and at the end of two days 
hardly an aphis could be found. I have found eggs laid on the 
petals of a rose, but the petals fell before the eggs hatched. 

The use of cannibalism was well demonstrated in July 1920. 
An isolated gooseberry-bush had every shoot attacked by aphis, 
upon which large numbers of bipunctata larvse were feeding. At 
the time when the larva* were beginning to pupate, a few cold 
rainy days caused the aphis to completely disappear. At once 
the larva? began to attack each other and the pupa*, and, finally, 
themselves pupated on an entirely cannibal diet, I saw no signs 
of migration from this bush on account of shortage of aphis. 

Cannibalism is probably of use in preserving the race during 
periods of aphis famine, as the larva?, unlike the adults, cannot 
live long without food. Cannibalism is not of the same biological 
use to the Imago, as its power of flight gives it a large range, 
and, when necessary, it can remain long periods without food. 
I have starved Lady-birds fur three Greeks, and at the end some 
of the males were capable of successful fertilization. 

3. Notes on the Life-History* 

a. Mating, 

Mating takes place in captivity in the presence of plenty of 
light, especially direct sunlight. The response to light is very 
rapid. Immediately a box containing a mini her of Lady-birds is 
put in the sunlight, they begin to move quickly, flv, and mate. 
The same activity does not take place if the box is warmed with¬ 
out light. Fresh air, especially moving air, is also conducive to 
mating. , , , , . 

A .. bipimefctta. is both polyandrons and polygamous. , When a 
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male and female are isolated in a box, mating takes place at 
intervals during a period of two to nine weeks. Copulation lasts 
from half to three-quarters of an hour. It takes place when no 
eggs are laid and when the egg-laying period of the female is 
finished. Palmer states that the female lays fertile eggs three 
weeks after fertilization. Mating takes place in Staffordshire 
and Warwickshire during the whole summer, but the principal 
season is May to June, with a subsidiary season from the middle 
to the end of August. Probably only a very few of the newly 
emerged Lady-birds breed until the following year. The insects 
have been found mating on sunny days in late September, but at 
that time no eggs were laid. 


b. The Ejgs. 


Table I. 


Detailed lieeord of Family, 33 (1919). 


Dates of 
; Ovi position. 

Number of Eggs 
and Colour. 

Incubation. 

(Days.) 

Larval life. 
(Days.) 

Pupation. 

(Days.) 

Number of 
Imagines. 

; in 

1 (2) 

22. 7.19 
22. 7.19 

16 (yellow) '( 

24 { orange) 3 

5 

25 

8 

6 ! 

1 

| (3) 

1 (4) 

23. 7.19 

8 (deep orange). 

0 

16 

7 

■ i 1 

27. 7.19 

' 8 ( „ ), 

6 

— 

— 

— 

! (5) 

27. 7.19 

11 ( „ }. 

6 

17 

13 

3 

j (6) 

27. 7.19 

3 (yellow base, 
orange tip). 

6 

24 

7 

i ! 

! (7) 

28. 7. 19 

: 21 (orange). 

7 

17 

8 

2 

' (8) 

? (PS 

29. 7. 19 

26 (yellow base, 
orange tip). 

5 

22 ' 

9 

1 

I. 8. 10 

1 23 (deep orange). 

j — 

—■ 

— 

— 

; (10) 

3. 8.19 

1 24 ( „ „ ). 

6 

19 1 

— 

— 

: (ii) 

7. S. 10 

1 12 ( „ ). 

3 

18 

7 

9 

(12) 

9. 8. 19 

b ( „ „ ). ; 

3 

24 ; 


1 



Total 185 

Av. 5‘G 

Av. 20’2 

Av. 8*2 

Total 24 | 


Mating took place oil 17.7.10 between two Ked “ type” Jdaiiax. In batches (I) 
and (8) the larva? bad, light rings around all the abdominal and thoracic 
tubercles: hence these lame appeared much lighter than the larva? of the 
remaining batches, which only had light rings around the hover lateral 
tubercles. The resulting imagines were all red, those from these two batches 
being indistinguishable from the others. 


The eggs are spindle-shaped and laid in batches of from three 
to fifty. The outer shell is colourless and covered with numerous 
protuberances. The colour of the egg is due to the yolk, which 
is usually yellow but may he orange—a range of shades similar 
to those of the yolk of the lien’s egg. Usually the whole batch of 
eggs laid on a single occasion is of the same uniform colour, but 
they may vary (see Table I.). In several batches the eggs shaded 
from yellow at one end to orange at the other. The eggs do not 
change in" colour until a few hours before the lame are to 
merge, when they become a greenish grey. 
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Tlie average mini he l* of eggs laid was between 140 and 148, the 
largest numbers laid were 107 in 1918, 189 in 1919, and 418 
in 1920. The largest number laid in twenty-four hours was 80. 
The Black and Red forms are not differentiated by the colour, 
size, or shape of the eggs or by the number of eggs laid. 
Clausen (3) found 190 the average number laid in America. 

The eggs are usually laid on the under side of leaves, but may 
also be found in slight depressions on the trunk and branches ; 
on the trunk they are usually on the north side or at the angle 
where a branch originates. The bright-coloured eggs are very 
conspicuous on the hrowm hark. On the lower three feet of the 
trunk of a plum-tree badly attacked by aphis, 1 found within a 
week 42 patches of Ooccinellid eggs -—A. Jnpitnciala, If. 14 -guttata, 
If, li^unctaia, C. W-puvctata, and C. variabilis. Evidently 
there is a tendency to lay the eggs away from the light, but I 
have watched a septempunctata lny her eggs on a stone in bright 
sunlight. The usual period of incubation is three days, but it 
may extend to nine. The average laying period of the first two 
years’ observations was 24 days, incubation varied from 3 to 13 
days, the average being o days in 1918, 4 in 1019, and 7| in 1920. 
Clausen (United States') finds the average incubation 5 days and 
the average egg-laying 28*2 days. 


c. The Larva*. 

The larva; when about to pupate are of a blackish-brown colour. 
The first upper lateral abdominal tubercle is always orange, and 
an orange patch extends across the abdomen between the fourth 
dorsal abdominal tubercles. This orange patch may be succeeded 
by similar patches of decreasing size and colour-intensity in the 
oth, 6 th, and 7th abdominal segments. In many eases there may 
be orange on the lower lateral tubercles of the fourth abdominal 
segment. The lower lateral tubercles may be surrounded by a 
cream-coloured ring (see note to Table I.). There is great, varia¬ 
tion in the depth of colour of the orange patches. 

I have made many unsuccessful attempts to determine the 
differences in the lame and pupa? which are destined to become 
respectively Red and Black imagines. In 1918 the average larval 
period was 27 days, the minimum 22 and the maximum 27, hi 

1919 the average was 23, the minimum IB and the maximum 39, 
Clausen found the average 16*1 days for the United States. In 

1920 the average larval period was 35 days, the minimum 23, 
and the maximum 37, 

d. The Ptrpce. 

The larva?, usually pupate on the under side of leaves, especially 
where the edge is curled up by aphis or drought. Pupa? are 
sometimes found on the upper side. In 1918 very few pupa? were 
found on the upper side of leaves, but in the early part of 1919, 
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when there was a great deal of wet and cloudy weather, a muck 
larger proportion was found on the more exposed surface. During 
the sunny part of July and August 1919 the pupa? were again 
rarely found on the upper side. I have found no special orien¬ 
tation of tnpunctata pupae, such as is so striking in Auatis ocellata, 
which both on the trunk and needles of the pine normally faces 
upwards. 

The average length of pupation in 1919 was 13 days, the mini¬ 
mum 9 and the maximum 21. In 1919 the average was 17, the 
.minimum 3 and the maximum 28. In 1920 the average was 
20 days, the minimum 16, and the maximum 22. Clausen and 
GIranit (10 a) both found the American average 6 days. The 
very short period of three days was produced by placing the pupa?, 
in. a temperature of 101° F. 

e. The Imagines. 

On emergence the imagines vary from palest yellow' to orange. 
Air and light usually produce the normal colour in a couple of 
days, but at times the original orange may persist for weeks. At 
certain seasons when hipanctata are emerging the majority 
caught are of an orange rather than the typical red colour. 
This observation applies also to septempunctaia and varidbiiis . 
The variations of colour so obvious in some collections are not 
all true variations, but many are probably due to the develop¬ 
ment being still incomplete wheu the specimens were taken. 

Although the Lady-bird which emerges in August or Sep¬ 
tember may live to the following June, a period of ten months, 
its longevity during the summer is much shorter, the male 
sometimes dying after a mating-period of three weeks, although 
the female has lived two months after laying her eggs. Captivity 
would no doubt greatly modify this character. 

The combined duration of incubation, larval life, and pupation 
varied from 28 to 56 days. The shortest period occurred during 
the very hot weather subsequent to July 22, 1919, Burgess (1) 
gives the complete period as 28 days in America, where the 
temperature would be very similar to that during this particular 
period in 1919. 

Only ft small percentage, 8 per cent, to 17 per cent., of the eggs 
laid became imagines. Palmer’s results were better, as she 
obtained from 13 per cent, to 25 per cent, of imagines. 

f. The Enemies of the Lady-bird . 

The colour of the Cocci n el lids is supposed to be protective, and 
it is stated that they are not eaten by Insectivores. The yellow 
excretion produced by both larvae and imagines is supposed to 
protect them from predaceous enemies. The latter contention 
appears to be partly based upon the fact that the excretion is 
disagreeable to Man both as regards taste and smell. Certainly 
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the Lady-bird lias some enemies besides parasitic* iiies. JLu this 
country the larvm tire eaten to some extent by Bvrphid larva 1 . for 
which reason it was imperative to examine carefully all leaves 
put in the breeding-boxes, as if any of these voracious Byrphids 
were inadvertently introduced, they soon made an end of the 
Ooeeirtellid larva* as well as the aphis. Spiders also eat these 
!arvie. as they have been found sucked dry in spider's webs on 
several occasions. In England I have observed Flycatchers and 
Sparrows taking sepdon punctata and bipanctata , and also found 
considerable numbers of the elytra of seple inpun ctaia in the 
droppings of Sea-Gulls when that Coccinellid was abundant on 
the coast. Elytra of hipuuclata and septetnpunctata have been 
sem in the pellets of the Brown Owl. In America, Flycatchers 
and young Swallows are stated to eat Lady-birds. There also 
all stages of the Cocci n el lidse are eaten by Mantis religlosa and a 
"Wood-Bug, Pod is us serierentris (1). 

g. Hibernation . 

The periodical appearance of vast numbers of various Uoeei- 
nellids has long been known. These appearances are of two types : 
(1) increased numbers of the insects in various districts of the 
country during the spring or summer, in places where there were 
oi* had been large numbers of a.phis; and (2) large numbers of 
the insects at specified places, usually in the spring or autumn, 
where there was or had been no food. In the latter case the 
insects are in close juxtaposition, and may occur in such quantities 
that the term 44 masses,'* used by Johnson, most fitly describes 
the case. 

^ SeptempnueUila have occurred in masses by the seaside in 
England^in the autumn, and Fabre (10) has observed them on 
Mount \ entoux in the Fauci use Alps at a height of 4500 feet 
in June and October. This is a condition similar to Hippodaniiu , 
which is constantly found in large masses on the western 
American Mountains, where it is known that they gather to 
hibernate. The same phenomenon possibly also occurs in the 
Alps and other European mountains. The masses by the sea are 
probably pre-and post-hibernation gatherings. Johnson suggests 
that the yellow excretion may play some part in gathering these 
numbers together. If this is so at the time of hibernation, it 
iu»y, H * sf) 11 factor in gathering Ooccinellithc together for 
feeding purposes. 

In Staffordshire 1 have found hundreds of septempunctata 
swarming over sand-hillocks by the roads and on the commons, 
on. warm days in April, at a time when they are beginning to 
emerge, in places where there is no sign of aphis. I have never 
found, in punctata in large quantities, although tliev do collect in 
small, groups under bark for the winter hibernation. Mr. Alfred 
Priest reported to me the presence of large numbers of bipnne - 
lata in the neighbourhood of a disused chimney-stack in 
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September 1919. Early in 1920 lie \ iyit.nl this place, and found 
large numbers of the insects lying massed upon one m. oil cr in 
the cracks between the bricks where there was practically no 
shelter. The Lady-birds were on all sides of the chimney. 

In (September 1919 large numbers of sepfemponctala were 
reported from various parts of England, but in Stafford si lire 
there were at the same time large numbers of hi poo data and 
C, 1 \ -putt('(at«i which, on account of their small size, were much 
less obvious. This abundance was entirely accounted for by the 
weather-conditions. Early in August there had been a period 
of warm tine weather during which aphis and (Jeivinellid larva? 
nourished ; this was succeeded by a wet, cold period, which no 
doubt retarded the pupa?; but when a second period of hot 
weather supervened, the retarded pupae responded, as my breeding 
experiments show they will do, and simultaneously, instead of 
over a protracted period, the adults appeared. 

4, The Genetkal Relations of the Varieties . 

Matings were made during the summers of 1918 and 1919. 
During the first year, only 22 of the 57 fertile matings produced 
a complete generation, the family in each case being reduced to 
one imago. In 1919, 23 complete' generations were produced 
from 35 matings. 

Eleven of these successful matings were Keel x lied, and with 
the exception of one, Mating 32, produced only lied offspring, 
among which there occurred small variations from their parents 
and from “type.” The Red bred true, producing none of the 
Black variety. 

The exceptional mating (32) consisted of two Beds taken w hen 
mating. The female laid one small hatch of eggs (7), from which 
two Black imagines were produced. Clearly the female was at 
the end of her productive period, and had probably mated with a 
Black before she was caught. 

Six matings of Black x Black were made, five of which pro¬ 
duced both lied ami Black imagines, a phenomenon quite 
different from the Red x Red matings; but as it was not possible 
to guarantee that the females had not had partners previous to 
the scheduled one, it cannot at present he deduced that the 
genetic constitution of the Black as regards the purity of the 
genes is different from that of the Red. 

The sixth mating (24), which produced only Blacks, was as 
follows :— d var. 4-macula ta x 4-maeulata produced five 
4-maculatn. and one (5-pustulata. The female had certainly had 
no previous mate. 

The five matings of Black x Black produced 8 Blacks and 
4 Reds. It must be noted that these Reds were all variations 
from “Type” and not exactly like the Red parent. The problem 
therefore arises—are these variations heterozygous forms with an 
intermediate appearance ? Similar varieties 'have, however, been 
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found in the pure Red families, where, moreover, the variations 
of the offspring appear related to those of the parents; if, how¬ 
ever, these variations are the heterozygous forms, one would 
expect to find some Blacks appearing when these Reds are mated 
together, but, so far, that has not been the case. A large 
number of matings will have to be made, as the numerical pro¬ 
portions in which the varieties occur in nature indicates that 
there are certain points of genetic stability, and that many of the 
intermediate varieties, if such there are, must have a definite 
relation to certain parent types. 

The condition in hipmaetata may he similar to that observed 
bv Lutz (17) in Crioeeris asparagl . He says : “ Thus we have a 
good case of a perfectly graded, variation (from spots discrete to 
spots joined) obeying Mendel'S law. Spots joined even lightly 
and on one elytron only make a “pure** recessive individual. 
One of these intermediate forms seems characteristic of the (DR) 
heterozygous form/’ 

Six matings as follows were made between Black and Red :— 

in, 20 o Red x 2 6-pustuluta produced one Red. 

m, 21 6 Red x 2 6-pustulata produced one 4-maculata, one 
6-pustuIata, two Red. 

m. 22 c? Red x 2 4-maculata, produced five 6-pustulata, three 

Red. 

m. 2d 6 Red X 2 6-pnstiilata produced four 4-nmculata, five 
6-pustulata, two Red. 

in. 25 6 4-maeulata x 2 Red produced one 4-maculata. 

m. 29 $ Red x 2 0-pustulata produced one 4-maculata, two 
6-pustulata, one Red. 

There is here no sign of dominance, but there is a large pro¬ 
portion of Blacks (20) to the Reds (9). This proportion is 
surprising, as the Blacks are normally in the minority according 
to data so far collected. If the larva? destined to became Black 
imagines have the same physiological response to heat as the 
Blade imagines (see section 1), their large proportion might he 
accounted for. 

Bo far, only two matings (m. 57 in 1918 and in. 25 in 1919) 
were made between a Black B and a Red 2 ; both these produced 
Black offspring only, so that not sufficient data is yet at hand 
to judge if there is a sex factor in the inheritance. 

There are usually two medium posterior whitish spots on the 
pronotum of the Red form. These may be absent, or the two 
may he large enough, to fuse in the middle line. Bo far, no 
regular method of inheritance of these spots has been determined. 
Palmer (1911) found ;; the presence of the whitish basal markings 
on the pronotum (of annectans and melanoplenra) dominate over 
Its,absence in eoloradensis and humeralis.” The degree of the 
development of these spots is not related to the degree of the 
development of the black dorsal spot in any way; these white 
spots are absent in the Black form, the pronotum of the Black 
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ami Bet] differing thus in degree of pigmentation. But those 
Red forms, in which the black spot even stretches as a band across 
the elytra, do not necessarily have a more pigmented proimtum 
than in type.” If an increase in the size of the 1 hack spot of 
i; type" means a. step forward in a melanistie direction, one would 
expect this tendency also to affect the pronotmn, 

C. rariabilis. 

(\ variabilis has two forms of imagines, which in general 
colour arrangement are similar to the two principal forms of 
A. hlpunctata. There is a Black form with ten red-ochrcons 
spots and a lied (ochreousj form with fourteen black spots. The 
difference in the shade of the red between the two forms is 
much more marked than in Adalia. The red spots on the Black 
frequently tend to carmine at the edges, but the red ground- 
colour of the Red form would more accurately be described as 
ochreous; it is never as deep a red as occurs in A. hlpunctata 
(type). 1 lmve no information of the percentages in which these 
types occur. The Black form of rariabilis is the “type,” but 
whether this indicates that it is the more common is unknown. 

The dimorphism in hlpunctata and variabilis is not equivalent 
to that of Lina (18), in which there is a spotted and a melanic 
form, for in that species there is certainly only one colour-pattern, 
as the spots can he sometimes seen in the melanic form by 
holding the wings up to the light. MacOaeken (18) found the 
melanism recessive. 

Two matings of rarhdiilis were made: (1) mating 17, o Black 
X 2 Red produced 4 Red imagines ; and (2) mating 18, d Red 
X 2 Black produced 4 Black and two Reds. As in hip a aetata, 
there is no sign of dominance. 

A third mating (10) was made between a c Red hlpunctata 
and a 2 Black rariabilis , the result of which was 7 Red variabilis 
and 5 Black variabilis. The two mated at intervals from 
May 20 to June 26, and during that period laid eggs as follows:— 
15 on June 3, 16 on June 4, 24 on June 12, 6 on June 18, and 
15 on June 26 ; a, total of 76. As the results were all variabilis , 
one cannot but suppose that the female was satisfactorily ferti¬ 
lised by a male of her own species before she was caught. This, 
however, involves the necessity that some of the spermatozoa 
remained capable of fertilization for 29 days at least; but Palmer 
states, p. 235 (21); “A female Ad alia would not seem to be able 
to lay fertile eggs for more than three weeks after being isolated 
from a male.” 

On one point these two species differ considerably, for it is the 
Black form of hlpunctata which is the more variable in the 
number of spots, whilst in rariabilis it is the Red form which 
is the more variable. The recurrence of the same type of 
variation in species so nearly related and which constantly occur 
together, makes an understanding of the one imperative to a 
satisfactory understanding of the other, 
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5. A tun mar//. 

1. Adcdia hi punctata has so many varieties that it is highly 
suitable for the needed study of inheritance of normally occurring 
variations. 

2. Adalia can be mated in captivity with ease, but their canni¬ 
balistic habit, makes it very difficult to rear them satisfactorily 
in large numbers. 

3. The time passed in the various stages is variable, depending 
not only on the food, but also on the temperature, to which all 
stages, but especially the pupal, make a rapid response. 

4. Little is known of either hibernation or migration, but 
apparently both septempun data and hbpuuctaia tend to collect in 
numbers in the spring and autumn, and may at times be found 
hibernating, piled upon one another, similar to the “ massesof 
Hippodamia found in the western 17.8.A. 

5. There is no evidence of dominance in crosses between the 
two main forms—the Red “type” and the Black (var. 4-maculata 
and var. 6-pustulata). 

(>. Eleven matings of Red x Red produced only the Red type. 

7. Black and Red forms also occur in 0. variabilis , and, as in 
bipunctata , neither is dominant. 

8. The pronotum of the Black form is darker than that of the 
Red, but there is no progressive blackening of the pronotum of 
the Red coincidentally with the increase in the sine of the black 
spots of the elytra. 

9. Although it is possible to make a series from pure red 
elytra on the one hand through various patterns to pure black on 
the other, this cannot be regarded as proof that the variations 
are merely fluctuating. The percentages of the variations is, as 
far as is known, approximately stable, and certain types are far 
more common than others. These facts, combined with the 
observation that the children tend to show the variations of 
the parents, strongly suggest that there are probably certain 
points of genetic stability, and that only analysis is needed to 
show that there is some regular method of inheritance.. 

I have much pleasure in thanking ]>r. A. I). limns for naming 
several of the aphis species and Mr. W* B. Grove for naming the 
mould, Ckidospori tun aphid is, which he believes has never before 
been recorded as British. 
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In February 1914. I was asked by the Proseetovial Committee 
to undertake the identification of the Nematode parasites 
obtained at the Society’s Gardens, and material was forwarded 
to me from the Prosectorium at regular intervals until the 
beginning of 1916. During this period monthly reports, con¬ 
taining provisional identifications, were sent to the Committee, 
the material being laid aside for further investigation. My study 
of the collection thus accumulated was interrupted by my depar¬ 
ture for Mesopotamia, on war service, and was only resumed three 
years later at the end of 1919. 

The materia] described in the present memoir consists of the 
representatives of the Family Fil&rndse obtained from Mammals 
and Birds in the Gardens. Altogether eight species were met 
with, two of which are described as new. Of the known forms, 
three have been previously observed on single occasions only and 
are species about which further information was desired ; the 
other three are worms commonly reported from Zoological 
Gardens; yet even of these our knowledge is by no means com¬ 
plete, and I have therefore added a short account of two of them 
to my descriptions of the less known species. 

During recent years renewed attempts have been made by 
various authors, especially Rabbet and Henry, to break up the 
old genus Filar ia s. 1„ and have resulted in a much improved 
knowledge of many of the commoner Fikriids ; some of the older 
generic names proposed by Yiborg, Diesing, etc,, have been revived 
and several new genera, established. In this paper, I have 
attempted, wherever possible, to refer the worms ■ described to 
these new groupings. 
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Genus Filaxua Mueller, .1787. 

FiLARiA stbootaxea v. Linstow, 1899 ; nou Parona, 1894. 

A number of specimens of Hi is species were obtained from tlm 
subcutaneous tissue of the Canadian Porcupine, Eretkizou 
do r sain m.. 

This species, which is known only from the type-specimens 
obtained from the same host in the Berlin Zoological Cardens, 


Text-figure 1. 



Filaria suleutanea v. Linst. 

Lateral view of the anterior extremity of female. X 38. 

L, intestine; n.r., nerve-ring; ce., tesopUagns; va. s vagina; vu,, vulva, 

is of special interest, for, as pointed out by Hall (1916). there is 
reason to believe that F. subcutanea v. Linst. is a. synonym of 
F. martis Gmelin, the species generally regarded as the'type- 
species of the genus Filaria s.str. 

My account of F. mbcutanea will be found to differ in some 
respects from that given by v, Linstow, yet I think there is little 




VWUl.MS FROM mam mars and birds. 


493 


doubt that we have both dealt with the same form. F. martls 
is very imperfect!v known, and until new material is described 
the relationship between the two species must remain doubtful; 
there are certain characters, e, g.. the position of the vulva, which 
in our present state of knowledge it is impossible to reconcile. 

Hall has pointed out that v. Lins tow's specific name is a 
homonym of F. sohmianea- Parona, 1894. 1 have followed his 

example and refrained from renaming the species until its proper 
relationship with Fllaria martAs is ascertained. 

My material was obtained from the same animal as the micro¬ 
filaria, recorded by Plimmer (1915) in his annual report on the 
blood-parasites; Hall is therefore right in assuming that this 
larval stage is to be referred to F. subcutanea v. Linst. 


Text-figure 2. 



Posterior extremity of male, lateral view. X 225. 

po .j postanalpapilla; pr., prcanal papilla; sp„ short spicule; spi. t long"spicule. 

Specific diagnosis.—Fllaria : Body filiform, more attenuated 
posteriorly than anteriorly, botli extremities rounded. 

Cuticle appears smooth except under very high magnifications, 
when a fine transverse striation is apparent. 

Head-papilla? very small, four submedian papilla present, 
lateral papilla* not noted. 

(Esophagus simple, Le. not divided into anterior and posterior 
regions, and short. 

Male 48-56 mm. long, with a maximum thickness of about 
0*45 nun. (Esophagus 1*2-1 *4 ram. in length. 

The posterior end of the body is coiled in a loose spiral and 
provided with euticular ala? at its extremity. Cloaca 0*0/ mm. 
from the posterior extremity. There seem to be nine pairs of 
pa pi 1 he, of which four are premia! and five postanal. The papilla? 
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ui‘ tiie last, pair are sum31 and [Lit; they no cloubt correspond iu 
the similar pair at the posterior extremity of the female. The 
eight anterior pairs of pa [hike are elongated and decrea.se in size 
from before backwards. 

The two spicules are very unequal, measuring 0*MB-0*4*2 min. 
and 0* 13-0'14 mm. respectively. Tlie long spicule consists of an 
anterior tubular region followed by a partly membranous posterior 
region. The small spicule is conical and terminates in a point. 

Female ltiO-175 mm. in length, with a maximum thickness of 
about 0*7 liiin. The <esophagus measures 1*5-1 *7 mm. in length. 

Arms about 015 mm. from the posterior extremity, the latter 
rounded and provided with a pair of small flat papilla?. At the 
level of the anus the body has a thickness of 0*2 mm. 

Vulva 1 *9-2*4 mm. from the anterior extremity. The slender 
vagina has a. forwardly directed loop which extends to the level 
of the nerve-ring, 0*4 mm. from the oral end. 

0voviviparous. Eggs thin-shelled, measuring 0*022 mm. x 
0*015 mm. 

Genus Ac axthoci-jeilunem a Uobbold, 1870. 

Acjaxtuooeeiloxkma diacantiia (Molin, 1858). 

Ftlan'a iliacaalha was originally described from worms obtained 
iu the abdominal cavity and lungs of various Undents in Brazil. 
The specimens from the Society's Gardens are from the Canadian 
Porcupine, Erethism domdum* and were found in the peritoneal 
cavities. 

The original description is somewhat incomplete, and Hall, in 
Ids monograph of the Nematode parasites of Rodents (] 010), is 
inchned to regard this form as a. species of Selaria ; the well pre¬ 
served material before me makes it, however, quite clear that the 
w orm is to bo referred to Oobbolds genus AcantftaeheHonema as 
recently redefined by Ihulliet, Henry, and Longeron (1912). 

Specific diagnosis .— Acaatltocheiloji.enta : Body slender, filiform, 
diminishing in breadth at both extremities and much attenuated 
posteriori}. Anterior extremity somewhat elaviform, the head 
being separated from the rest of the body by a slight, neck-like 
constriction. 

The cuticle appears longitudinally lined under a low power of 
the microscope ; nigh magnifications, however, reveal a very fine 
tra nsver.se striation. 

Six head-papilkc are present, four submedian and two lateral. 
The lateral papilla:* are large and project in such a way that the 
head appears almost square in dorsal or ventral view. 

The (esophagus consists of distinct anterior and posterior 
regions; the former is narrow and measures under 0*5 min., tlie 
posterior region is stouter and has a length of 2*3 mm. The 
nerve-ring surrounds the middle of the anterior part of the (eso¬ 
phagus. . ' ' 
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"Che caudal region is long and slender, a,ml its extremity in both 
sexes is provided with a pair ot conical appendages; in front of 
these on the ventral surface is a pair of small tint papilla 1 » 

Male 35-40 min. long, its greatest breadtli about 0*25 min. 
The head has a breadth of only O’07 mm. 

The posterior end of the body is coiled in a loose spiral. 
Cloaca! aperture 0*25-0*28 mm. from the extremity. Male 


Text-figure 3. 



A. Lateral view of anterior extremity of female. X 120. IS. 1 tarsal view of 
head. X 225. 0. Tail of female, lateral view. X 225. 

tux\> anterior region of u»*<>pliagus; cm,, caudal appendage; <?./>., caudal papilla ; 
/./c, lateral head-papilla; »./*., nerve-ring; posterior region of tusoplnigiis 
•v.p., suhmetlian liead-papilla; t\, vulva, 

papilhc small, consisting of five pairs, four premia! and one post- 
anal close behind the cloaca. 

The unerjual spicules measure 0*14 and 0*11 mm. in length 
respectively ; the longer spicule is tubular in shape, with a some¬ 
what ill-defined membranous posterior region, the smaller spicule 
is in the form of a strong tube, bent in the middle. 

Female 58-65 mm. in length,, with a maximum breadth of 
about 0*35 mm. Head 0*08 mm broad. 

Anus about 0*2 mm. from the' posterior extremity, . 
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Vulva 0-65-0*9 unn. from the {interior end. The Imig vagina, 
runs almost straight- backwards. 

0vo viviparous. lEgg-s t Inn-shelled, measuring 0*0i> X 0*02 mm. 

Text-figure 4. 



dmnthochcilonema diarmitha (Mai in). 

Posterior extremity of male, lateral view. X 225. 
r.a .,caudal appendage; eh, cloaca; e.p., caudal papilla; po. s post-anal papilla; 
py., preanal papilla; fp., long spicule; spi., <1j ort spicule. 



Ac A XT iiOC IIEILOXEMA GRACILE (liudolphi, 1819). 

FiUtria gracilis is a common parasite of Monkeys ami has been 
listed from more than twenty-live species, including both Old- 
World and New-World forms. My material is derived from the 
peritoneal cavities of the following species, all from the Society’s 
Gardens; White-fronted Capuchin ( Cebus hypole twits). Smoky 
Woolly Monkey ( Lagothrw infumata), Moustache Marmoset 
(.Leontocehm myslax), and Squirrel Monkey (Saimiris sciurea). 

The systematic position of this worm is somewhat uncertain. 
Diesing, in his famous "Revision del* Nematode n ? (I860), placet! 
it in his genus l)ipetals n emu, a genus which is not only ill-defined, 
but contains also widely separate forms from Birds and Reptiles. 
In many of its characters, e.y., position in the 3lost, structure of 
head-papillae, oesophagus, caudal appendages, spicules, etc., Filaria 
gracilis closely resembles certain species of Acmithoche / lonema , and 
I have decided to include it, at least provisionally, in this genus. 

Specific diagnosis.—Acanthocheilonenm : Body ' filiform, very 
elongated, much diminished in breadth posteriorly. Head 
narrow, not separated from the body by a neck-like constriction. 

Cuticle with very line transverse stria tions, only visible under 
high magnifications. 
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Text-figure 5. 

m. 



A B 


AeaniJiocheilouema gmcilc (llud.). 

Head : A. Dorsal view, B. Lateral view. X 225. 
lateral head-papilla; m, 3 mouth; $,p. 3 suhmedian head-papilla. 


Text-figure 6. 



Acanthoclieihmma gramle (Ruth). 

Posterior extremity of male, lateral view. X 225. 
e.ii., caudal appendage; c.p., caudal papilla; cl., cloaca; pa,, post-anal papilla; 
pr., premia! papilla: up., posterior part of long spicule;’ spL, short spicule. 
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>5ix head-pa pilke, the lateral pair prominent giving the head 
a truncated appearance when viewed from the dorsal or ventral 
surface, 

(Esophagus consisting of unequal anterior and posterior 
regions. 

Caudal region long and very slender, in both sexes provided 
with a pair of conical appendages. 

Male 9(5-110 mm. in length, with a maximum thickness of 
about 0*27 mm. Head 0*09 mm broad. 


Text-figure 7. 



AranlhuchcUauvum '/radio ( Hud.}, 

A. Spicult's of male. X 225. H. Caudal extremity ofibimde. X 225. 
ran dal appendage; sjk, long spicule; $pi., short spicule. 

The posterior end of the body is very slender and coiled in a 
loose spiral. Cloaca 0*25-0*28 nun. from the extremity. Three 
or four pairs of premia! papilla* and one pair of postanal papilla* 
close to the cloaca. A pair of small conical appendages are 
situated 0*02 nun. from the posterior extremity; just anterior to 
them are a pair of small flat papilla*. 

Spicules very unequal; the long spicule is 1*23 mm. long, and 
consists of an anterior tubular region, 0*33-0*36 mm. in length, 
followed by a long thin terminal region; the short spicule 
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measures 0**27 ium.. it also has the shape of a tube, terminating 
in a. membranous, hooked extremity. 

Female 160-250 mm. long, with a greatest thickness of about 
0*38 mm. Head 0*11 mm. broad. 

The anterior region of the oesophagus measures 0*58 nun., the 
posterior 2*5 mm. in length. 

Caudal region with a pair of elongated appendages, about 
0*03 mm. from the end of the body. Anus 0-63 nun. from the 
extremity. 

Vulva 0*8-1*15 mm. from the oral end. The long, straight 
vagina is directed posteriorly and has a length of 8 mm. 

Ovoviviparous. Eggs small and thin-shelled, measuring 
0*015-0*018 X 0*01 mm. 


Genus Dicheilonema Diesing, 1860. 

Dioheilqnema horridum (Diesing, 1851). 

Examples of this well-known species were sent to me from the 
Prosectorium on two occasions; they were obtained from the body- 
eavitv of B he a comer icana. It is a worm commonly reported from 
Zoological Gardens. 


Genus Piflotrlexa Eailliet et Henry, 1009. 

The genus Diplotrtmia was established by Henry (in Henry 
and Ozoux, 1909) to include a group of very closely allied species 
of Filar hr from the body-cavities of various birds, chiefly Passeri¬ 
formes, They are easily recognised by the presence of a peculiar 
apparatus in the form of a pair of ehitinous ** tridents M situated 
in the front of the head, and by the structure of the male 
spicules, one of which is straight, the other twisted. 

Fifteen species have been referred to this genus ; the majority 
have, however, been so imperfectly described that their recog¬ 
nition is very difficult. The material from the Society’s Gardens 
includes three species which are to be placed in this genus; two 
of these I have referred to established species, the third is 
described as new. Diagnoses of the species of Diplotrimia must 
be regarded as merely provisional until a thorough revision of all 
known forms has been made. 

Ds plotrlena TRiccsris (Fedtselu, 1883). 

Stossieh’s monograph of Fiiariids (1897) shows that Filar la 
triempk has been recorded from a large number of different 
Birds; the measurements given in his specific diagnosis make it 
clear, however, that a number of species have been confused 
under this name. 

The specimens which I have referred to D. triempk were 
found in The body-cavities of the /White Headed, Starling, 
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Polkipsi.ir Ici'coccjihali'-s ; in tlieir measurements they agree fairly 
well with the worms described by v. Linstow (l Bill.) »« belonging 
to this species. My material consisted of females only. 

Specific diatjiiosis. — Biplolriama : Body long, filiform, tapering 
close to the anterior and posterior extremities which are of 
approximately the same thickness. Cuticle not transversely 
ringed. 

Text-figure 8. 



Diplotriauia tricuspis (Fcdtseli.). 

Lateral view of anterior extremity of female. X ). 
o' .ft’., anterior region of tesopliagus; nr. f nerve-ring; p.ce., posterior region of 
u&oplutgns; tr., trident; tut., vagina; nu, vulva. 


Six head-pa,pilhe; the four submedian are very small and 
inconspicuous. The oesophageal trident has a length of 015 nmi.; 
its anterior stem is truncated. 

(Esophagus consisting of a short anterior region and a very 
long posterior region. The nerve-ring surrounds the anterior 
(esophagus about 0*25 nun. from the anterior extremity. 

Female 160-180 mm. long; the greatest breadth of the body is 
about 0*6 nun. 

The narrow; anterior region of the (.esophagus has a length of 





\vo!nr>s iTtOM mammals xsu mans. 


501 

(K»;> mm., the wider posterior region H*8 mm, The anus is sul>- 
terminal. 

V ulva 0*5o~0*6 mm. from the oral extremity. The stout, 
muscular vagina runs straight backwards, and has a length of 
25 nun. 

Oviparous. Eggs thick-shelled, 0*045-0-05 x 0*055 mm., con¬ 
taining well-developed embryos. 


Text-figure 9. 



Dip7oM&m sp. n. 

Lateral view of anterior extremity of female. X 120, 

Lettering as in the preceding text-figure. 

DlPLOTni^SNA DIUC-®, Sp. 11. 

This worm was obtained from the body-cavity of the Dinca 
Fincli, D 'mca grisea ; the material included both male and female 
specimens. 

Specific diagnosis. — Diplotrkena : Body comparatively short, 
semi-transparent, tapering at both ends. The anterior extremity 
is narrower than the posterior. 

Cuticle thin, transversely ringed. 

Cephalic extremity with six very inconspicuous, flattened 
papillae.. 

Each oesophageal trident lias a length of 0*18-0* 14 mm.; its 
anterior stem terminates in a fine point. ('Esophagus 2*5-4 mm. 
long, narrow throughout, and without division into anterior and 
posterior regions. The nerve-ring surrounds the (esophagus 
0*2 mm. from the anterior extremity. 
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Male 12--20*5 mm. long, with a. maximum breadth of about 
0*75 mm. 

Cloaca 0*06-0-07 mm. from the posterior extremity. Tail 
broad and rounded. There are six pairs of inconspicuous, 
tint tenet! papllke : four pairs are premia!. two postanal. 

Spicules unequal ; the long spicule is straight and has a length 
of 0*72 uiiti.. the short spicule is twisted and measures 0*45 mm. 


Text-figure 10* 



. Diplot riana dim re, sp. n. 

Posterior extremity of male, ventral view. X 75. 

intestine; pn., postanal papilla; pr., preannl papilla; sp., long spicule; 
sp*\, short spicule. 

Female 50-43 mm. in length ; the body attains a thickness 
of 0*9 mw. 

Anus about 0*1 mm. from the rounded extremity. The vulva 
projects slightly from the ventral surface. 0-35 mm. from the 
cephalic end. Vagina short, 0-9-1 inm. in length. 

Oviparous. Eggs thick-shelled, measuring 0*045-0*05 x 
0*03 nun. 

TJi plot ri.ex a flabellata (v. Linstow, 1888). 

My material includes a single specimen of a, female Diplotriima 
from the body-cavity of the Bed Bird of Paradise, Pctradhm 
rubra. 1 take it to be the same species as I). jlaheUaiu described 
from Farad kea apodet by v. Lin stow in the 4 Challenger’ Beports 
(1888). 

Specific diagnosis.—Diploirkena : Body short, more attenuated 
anteriorly than posteriorly." 
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Cuticle transversely ringed. CEsopliagus not divided into two 
regions, narrow anteriorly, increasing in width gradually behind 
the nerve-ring, the latter 0*3 nun. from the oral end. 

Trident 0-25 mm. long, its anterior stem truncated. 


Text-figure 11. 



lHplotrlana jlaleXUtta (v. Linst.). 

Lateral view of anterior extremity of female. X 120, 
Lettering as in the preceding text-figures. 


Female 44 mm. in length, with a maximum thickness of about 
1 mm. Caudal extremity rounded, broader than the head. 
Position of anus not ascertained. 

Vulva prominent, 0*6 mm. from the anterior extremity; the 
thick muscular vagina lias a length of 2 mm. 

Oviparous. Eggs thick-shelled, 0-04- -0*045 mm. x 0*25 mm. 

IxCERT.E SED2S. 

FlLARIA ARAM IBIS, $p. II, 

A single specimen of this species was obtained from the leg- 
muscles of'the Cayenne Bail, A ram ides cayennemis, . In the 
absence of the male it is impossible to place' 1 the form in its 
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proper sy.steiua.tio position ; 1 bare. therefore, retained it) in the 
ireims Filaritt s. 1. in some respects it. appears allied to certain 
species known from the muscular system of Mammals, e.tj. 
Filaria scapiceps Leidy (Hall, 191fi). 

Specific diagnosis.—Filaria s. 1. : Body comparatively short 
and thick, tapering nearly equally at. both extremities. 

Cuticle finely striated transversely. 


Text-figure 12. 



A, Anterior extremity; It Posterior extremity. Lateral view. X 7A 
Lettering as in the preceding text-figures, or., loop of ovary. 

Head rounded, bearing four very small submedian papilla*; 
lateral papilhe not seem 

(Esophagus narrow and simple, Le., not divided into anterior 
and posterior regions. Nerve-ring Hose to the anterior extremity. 

Female 25 mm. in length, with a maximum breadth of about 
1 mm. Width of head 0*2 mm. The oesophagus has a length of 
IT mm. Posterior extremity rounded; position of anus uncertain, 
about 0T5 min. from the end of the body. 
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Vulva. 0*82 mm. from tin?, anterior extremity ; the slender 

' m. is directed posteriorly and has tt length of 2*4 nun. 

Fggs thin-shelled, measuring <rl)3-4H)35 x n*02 lmn. 
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1. HISTORICAL SURVEY. 

Ever since the clays of the great African explorers and their 
quest of the sources of the Nile, there lias existed a certain 
fascination about the big lakes of Central Africa. While the 
scientific world was at first concerned principally with the 
geography of the heart of the continent, opportunity soon offered 
of learning something of the organisms which live in the vast 
inland seas, and it then became evident that matters of no little 
biological interest were involved. 

It is tlie object of this paper to deal in comparative fashion 
with the animals of the principal lakes, and since Tanganyika*' 
holds a unit] lie position as regards its fauna, a. somewhat dot ailed 
account of its zoological exploration seems fitting, as it will afford 
both an introduction to a study of the lakes and an enumeration 
of certain outstanding facts. 

Little more than sixty years have passed away since Burton 
and Speke, the first Europeans to penetrate* to .halve Tanganyika, 
reached the si lores of this big inla nd sea. Their expedition, after 
encountering numberless hardships, arrived at the lake between 
the Malagarasi River and TJjiji on the thirteenth of February, 
1858, Although little was done in the way of exploring Tan¬ 
ganyika, Burton described, with a surprising degree of accuracy, 
various facts concerning it which lie learned from the Arabs and 
natives, while Speke, on his return, brought certain shells from 
the lake shore, which came into the possession of the British 
Museum. ' 

* Some years ago f called attention to the orthography of the name ‘Tanganyika,’ 
advocating- the adoption ot the spelling ‘ Tanganika’ by English writers (&&). 
The arguments advanced in favour of, the change have not, lost their force, and still 
seem worthy of consideration. As there is no indication that writers in this country 
are prepared to nerent the- modification, I adhere reluctantly to the old form.' 
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It was in the examination of those shells that the unusual 
interest which still attaches to certain forms of life found in 
Tanganyika had its origin, S. P. Woodward, who reported on 
the collection, was struck hy the fact that some of the shells were 
curiously marine in appearance. Of one of them, which he 
named Lithoglf/phns zonal ns (now known as Spehia zonaia *), he 
said (205, p. 348) that it so much resembled a JS T erita or Cah/ptra'a 
that it might have been taken for a sea-shell. Of another, he 
remarks that “Its colour, solidity, and tuberculated rifts give 
it much the appearance of a small marine whelk ( Ntma).'* At 
the time, these opinions attracted little attention, although the 
matter was destined to come into prominence at a later date. 

Some twenty years later-—in 1878—there was established the 
first settlement of Europeans on the shores of Tanganyika, when 
agents of the London Missionary Society settled at Ujiji in 
August of that year. With praiseworthy public spirit, the 
Directors of the Society had given instructions that the gathering 
of scientific information should he considered among the duties 
of this pioneer expedition, and thus it is that E. 0. Here (101), 
a member of the party, was the first to attempt a systematic 
collection of the forms of life occurring in the lake. 'While the 
collections since made by trained naturalists have, of course, 
added very hugely to the knowledge of the fauna and flora, the 
forms obtained by Hore embraced many different groups, and 
afforded the first comprehensive glimpse of the organisms which 
the lake contains. 

This English Mission wa.s very shortly followed by the estab¬ 
lishment of a French Catholic Mission, and it should he noted 
that these White Fathers of Algeria have also been instrumental 
in gathering information, and in particular have made large 
collections of shells which have been described in later years by 
French conchologists. 

At the end of 1879, Tanganyika, was visited by Joseph 
Thomson. Collections of shells made by Hore and Thomson were 
reported on by Edgar Smith in 1880 and 1881 (159, 100, 161), 
and he also had occasion to remark on the marine appearance 
of some of them. This matter being brought to the front once 
more, Thomson put forward the view (196, vol. ii. p. 85) that the 
water of the lake had probably been saline until recent geological 
times, when it became freshened through circulation and outflow 
to the Congo (compare also 191, where he goes further, and 
suggests the origin of the lake from a former sea occupying the 
Congo basin). 

Tike discovery of medusas by Bohm (114), a German explore}* 
who crossed Tanganyika in 1883, only emphasised matters and 
laid stress on the supposed marine character of the lake fauna, 
since, with few exceptions, such organisms are confined to the 
ocean. Von Wissman (264, p. 253) confirmed this discovery 
when sailing on the lake in 1887, and a few years later, F. L. Mb 
Moir, the manager of a British trading company, undertook to 
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obtain specimens of these medusa' ]aopor iy prepared for scientific 
investigation. This vainahle material. on its arrival in England 
at the end of 189*2, was placed for examination in the hands of 
Ft, T. Gimther of Oxford. 

It was Gunther who first put forward a detailed theory to 
account for the presence in a central African lake of animals 
with apparently marine affinities. Jn his report oil the Tan¬ 
ganyika medusa, lie suggested (95. p. 289} that, if at some early 
period the interior of Africa stood at a much lower level, with 
the Atlantic Ocean extending over the Congo basin and the lake 
existing as an arm of the sea, it would then he possible readily 
to explain the presence in it both of the medusa and the remark¬ 
able molluscan forms. As the lake became separated from the 
sea, so the salinity of the water would tend to decrease if it were 
supplied with inflowing* rivers and found an outlet through which 
to carry away the salt. 

Since the problem presented by Tanganyika had now become 
so interesting and definite, it seemed very desirable that the lake 
fauna should be investigated upon the spot by some trained 
zoologist. The matter was taken up by Ray Lank ester, who, 
with the help of others interested in the question, obtained the 
necessary grants from the Royal Society and organised the First 
Tanganyika, Expedition. This was put in charge of J. E. S, 
Moore of the Royal College of Science, who from that time 
onwards contributed largely to the knowledge of the lakes of 
Central Africa. 

The expedition left England in the autumn of 1895, and Lake 
Shirwa was visited as well as ISynsa, while Moore spent several 
months on the shores of Tanganyika. As a result of this journey, 
the original problem seemed far from being solved, for the expedi¬ 
tion brought matters to light which only made the lake appear 
more remarkable. Many strange and unique animal forms were 
collected, certain of which were thought to show marine affinities., 
while ihe majority were new to science. The collection included 
a number of types not unexpected in a tropical lake; only a 
proportion of the fauna exhibiting the unusual features to which 
reference has been made. Moreover, although the expedition had 
visited Nyasa and Shirwa, in neither of these lakes had marine- 
like forms been found resembling those of Tanganyika. 

Through a study of the newly acquired, material, especially the 
anatomy of certain of the molluscs, Moore arrived at the conehn 
slon that the forms exhibiting a marine appearance could not be 
compared directly with any marine types of the present day, but 
rather possessed archaic and generalised characters which sug¬ 
gested that they were the relics of a marine fauna of a previous 
age. Further, he considered that some of the Tanganyika shells 
offered a strong resemblance to certain marine Jurassic fossils, in 
particular those of the Inferior Oolite of the Anglo-Norman 
basin. Taking this a,s evidence of the period from which these 
remarkable living' forms had been derived, Moore propounded 
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unco snore a theory of t.lie former connection of Lake Tanganyika, 
with Use sen, asserting- that this connection existed in Jurassic 
times (131). 

The discoveries of t.iie First Tanganyika. Expedition, while 
stimulating interest in the faunas of the African lakes, only 
emphasised the need for further information, it was still to 
he determined -whether any of the other big lakes contained 
organisms with, a, marine appearance, and it was very desirable 
that more shout 1 he learned of the geology of the Tanganyika 
basin, as having a direct bearing on the question of a. former con¬ 
nection with the sea., Kay Lankester, therefore, took the initiative 
once more, formed a committee of scientific men interested in the 
subject, and organised a second expedition. In view of the 
geological and geographical work to be undertaken, a liberal 
grant was made by the Royal Geographical Society, and Moore 
was accompanied by Malcolm Fergusson as surveyor and geologist. 
The Second Tanganyika. Expedition (136) left England in 18119, 
and after proceeding up lakes Nyasa and Tanganyika., visited 
Kivu, Edward Nyanza,*, and Albert Nyanza before returning to 
the const by way of the Victoria Nyanza. 

An examination of the collections obtained in the latter lakes 
only laid additional stress on the unique nature of Tanganyika, 
for in none were found animals suggestive of the sea. Indeed, 
the already long list of forms found only in Tanganyika was aug¬ 
mented by the expedition, more particularly as regards the fish. 
Certain of the little-known regions between Tanganyika, and the 
Albert Nyanza, were mapped, and considerable attention was paid 
to the study of the geology of this district as well as that of the 
Tanganyika basin. Not long after the return of the expedition, 
Moore published a volume entitled “The Tanganyika Problem” 
(137), in which he dealt at some length with the question which 
had so occupied his attention. A large amount of new informa¬ 
tion was given in this work. It treated, in a, comprehensive 
maimer the physiography and geology of the part of Africa con¬ 
cerned, and besides giving a complete review of the fauna of 
Tanganyika as then known, discussed the origin of fresh-water 
faunas in relation to the matter. 

While a great deal of information bearing on the geology and 
geography of the lake regions had been obtained, and extensive 
collections had afforded a knowledge of the fauna of Tanganyika, 
the flora of the lake had not been dealt with as it deserved. To 
those who had been impressed with the marine characteristics of 
certain animals living in the lake, it appeared quite conceivable 
that when the flora came to be investigated, plants equally 
remarkable and equally suggestive of marine affinities would be 
discovered. If, for example, specimens of the red Alga?, so eharae- 

* The lake, formerly known its the Albert Edward Nyanza, is always referred to in 
this paper as Edward Nyanza or Lake Edward. ^ The change of, name was approved 
by the late King Edward, and should he universally adopted in order to avoid 
confusion with the Albert Nyanza or Lake Albert {of, 55, p f 128), 
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teristic of the ocean were to be found, this would alibi’d very 
valuable evidence concerning the ancient history of the lake. 

It was with this end in view that a 'Third Tanganyika Expe¬ 
dition (88) was organised by the Committee, with the conduct of 
which I had the honour of being entrusted. One of the principal 
objects of this expedition was therefore to make a careful collec¬ 
tion of the water plants of Tanganyika, at the same time 
collecting in ISyasa, with the idea of chording a comparison with 
a more normal African fresh-water lake. My instructions also 
provided “ That other groups of organisms likely to throw light 
on the Tanganyika. Problem, and especially fishes, shall not he 
neglected/’ Including observations cm various points of interest, 
the work before the expedition was thus sufficiently extensive, 
although matters of geology and geography were outside the Held 
of enquiry. 

I left England in the spring of 19(4, proceeding via the 
Zambezi and Shire rivers to Lake Myasa, where a few weeks were 
spent in collecting. My stay on and around Tanganyika lasted 
about eight months, which were fully occupied in making collec¬ 
tions and observations as far as facilities offered, lieturning to 
the coast by way of the Victoria jNTyanzn, an opportunity was 
afforded of obtaining representatives of the flora, of that lake for 
purposes of comparison with the plants collected in ZS T vasa and 
Tanganyika. 

It may at once be stated that the flora of Tanganyika fails to 
exhibit quite the remarkable features which some had expected 
it to show. As regards the higher aquatic plants, a comparison 
of the species from Tanganyika with those from Xyasa and 
Victoria Xyanza. does not throw any light on the hypothesis of a 
marine origin for Tanganyika. The fresh-water Algie of the 
lake, however, have proved to he a strange and interesting 
assembly, a considerable number being peculiar to Tanganyika 
while several show undoubted marine affinities. The lower forms 
of vegetable life which occur thus tend to confirm the unique 
biological nature of the lake. 

On the zoological side, my collections have added not a little 
to the number of forms known from the lakes, the results 
appearing as a series of memoirs principally in the Proceedings 
of the Zoological Society. For the first time systematic tow- 
nettings were made in Tanganyika on an extensive scale, ami as 
a result, detailed information is to hand about whole groups of 
organisms, only the bare existence of which in the lake was 
known before. Thus reports have now been published on the 
smaller Crustacea, (Oopepoda and Ostracoda) as well as on the 
Kotifera, while.in addition the groups Branehiura and Hydraeh- 
nicla are new records from the lake. 

Xu completing this brief review of the zoological exploration of 
Tanganyika, it is only necessary to refer to the Belgian expe¬ 
dition to that lake and to Lake Mwero undertaken by the late 
Louis Stappers. This expedition visited Tanganyika in 1912- 
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1013, and brought 1 Jack valuable in ton nation concerning the 
depth of the lake and the salinity of its water, as well as repre¬ 
sentatives of its fauna. A large collection of lishes was found to 
contain a, number of new species, brief diagnoses of which have 
been published (32, 33, 37), but beyond this, so far as i a.in aware, 
no further particulars have been forthcoming, owing to the out¬ 
break of the European war and the subsequent lamented death 
of Stoppers. 


2. GENERAL INTRODUCTION. 

This paper aims, in particular, at giving an account of the 
animal forms now known to occur in .LakeTanganyika, but while 
special attention has been directed to enumerating these, types 
from other lakes have been noticed and discussed. The account 
is therefore a comparative survey, and shows clearly the re¬ 
markable nature of the fauna, of Tanganyika to which reference 
has frequently been made. 

It must, of course, be understood that the systematic review 
and the deductions drawn therefrom, are of necessity based upon 
present knowledge, and may need modification in the light of 
£utlire d iset >veries. 

In order not to exceed reasonable limits, the scope of the 
paper has been restricted, and it docs not deal with all the big 
hikes of Africa. At the same time, the largest and most impor¬ 
tant lakes have been considered, and only those of lesser interest 
are outside the lield of enquiry. Whenever a tabular form has 
been adopted, columns for the lakes are uniformly arranged in 
the following order:—Tanganyika, Victoria, Nyanza, .Nyasa, 
Albert Nvanxa, Edward Xyanza, and Kivu. 

It is not possible to consider here at any length the geography 
and physical features of the lakes concerned, but certain out¬ 
standing particulars may be mentioned. 

With the exception of Victoria Nya nza, all the lakes under 
review occupy portions of the 0.real Rift Valley,’ as it lias been 
called, and are, therefore, of a very characteristic type. Without 
entering into details, if may he briefly explained tlmt Buess, in 
discussing the geology of Ontral Africa, put forward, the view 
that the long deep valleys which run through the country in an 
approximately north and south direction have been caused by 
trough-faulting on an extended scale. Each Ora,ben J? —as he 
terms these long narrow valleys, with their steep, almost preci¬ 
pitous sides—lie believes to have been produced by the faulting 
and sinking of a long narrow tract of country, and it is but 
natural that a number of these characteristic depressions are 
Riled with water. Thus Tanganyika and the oilier typical 

Grahen ?? lakes are situated in long trough-like valleys, bounded 
for the most part by steeply rising sides, 'which may reach in 
places a height of two or three thousand feet above the level of 
the water. 
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From the very nature nf Im* uvmg'H in wihen me lake* are 
situated, the latter are likely to he dcvp, with shores quickly 
shelving, and this is precisely what invest igalb jii reveals. Both 
Nyasa and Tanganyika. have now keen pretty atk-quiitely sounded, 
and the figures obtained are very remarkable for thosh-unter 
basins. Xyasa. shows a maximum depth of about 786 metros 
(430 fathoms), while Tanganyika reaches no less thru 143b 
metres (about 784 fathoms)*. Tanganyika is tints die second 
deepest lake in the world, Lake Baikal coming first, whil* Xyasa 
takes fourth place, following the Caspian Sea. 'Where sufficient 
soundings have been taken, the contours constructed show in a 
number of instances the remarkably steep shores which were only 
to be expected in such cases. 

Victoria Nyanza, as already indicated, is a lake of a very 
diiFerentimtiirefronitho.se of the Great Hilt Valley. ’With a 
length of some 200 miles ami a breadth of 130 miles, it has 
roughly the form of a parallelogram. "While it has the largest 
area of any of the African lakes, it occupies only a shallow depres¬ 
sion, and instead of being bounded by steeply rising shores two 
or three thousand feet in height, the surrounding hills reach a 
maximum of 300 feet or so. The greatest depth is a mere 
73 metres (40 fathoms). 

In most other respects, the lakes included in this survey do not 
differ greatly so far as physical conditions are concerned. The} 
iiiv all large sheets of water, where consequently almost oceanic 
conditions prevail, while the three biggest lakes are subject to 
storms of a. violent description. In dealing with the evidence, 
afforded by the plants and animals inhabiting them, this fad; 
must not bo overlooked, as physical surroundings may have 
induced some of the features which are noted. 

Although extending considerable distances both north and 
south of the equator, these lakes all exist, under practically the 
same climatic conditions. They are tropical lakes, and differences 
in fauna, and flora are clearly not to be correlated with the very 
slight climatic variations which may possibly occur. 

The temperature of the water is naturally high. I took 
sufficient temperature readings during my visit to Tanganyika to 
afford some idea of the general conditions, although an exhaustive 
survey was impossible. Only a few figures need, be mentioned 
here. The lowest reading I ever obtained in Tanganyika was 
73*3'" Fain*, and the highest 81*04 Surface readings at different 
periods of the year varied only between 74*7° and 8HI, and 
an average of 51 observations gave a mean of 78*0°. At con¬ 
siderable depths the water temperature remains relatively 
constant, for readings taken at a depth of about 139 metres 
(76 fathoms)—the length of the sounding line—on various 

# For further details concerning Nyaba, consult Moore (184, p, 7) and Rhoades 
(148)—concerning Tanganyika, see Steppers (174 & 175) and Marquardseu 

au). 
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occasion* a ml at different places only vary he tween 74 * 8 ' ami 
74* 18 BtappiTs gives the temperature of the surface water as 
oscillating between 25° and 28'' (A (77°-~82*4' F.) (176). Ala.r- 
quardsen, however, quotes exactly 25*0'' (J. (77' F.) as a mean 
of 70 surface readings made by Jacobs. The latter was also 
able to carry out deep water observations, to which Marquardsen 
refers as follows; —Filter 400 m. his in die grossten Tiefcn 
liegt dann eine fast liomotherme Wnsserschieht von 23*15° bis 
23 * 12 ° (73*67 -73*61° F.) (Ill, p. 07). A less extended series of 

water temperature observations was made in Kvasa ® ami also in 
Victoria Ayanzn, during the Third Tanganyika. Expedition, but 
the figures are sufficient to show that thorn are no important 
diTerences from the results obtained in Tanganyika. It is 
obvious that the amount of water lost by evaporation must be 
very great in a 11 these eases. 

As far as I am aware, there is relatively little known con¬ 
cerning the nature of the water in these African lakes. They 
are considered, in general terms to he “ fresh ” t, but. except in 
certain instances, no analyses have been made, and the nature 
and quantity of the salts dissolved in the water are unknown. 
The information which is to hand regarding Tanganyika, and 
Kivu makes it clear that they differ from normal fresh waters, 
and this difference appeal's to be reflected (as will he shown in 
due course) in the nature of the organisms the}’ contain. Tan¬ 
ganyika water, while containing a relatively small amount of 
calcium salts, is unusually rich in salts of magnesium (176). 
Lake .Kivu is an extreme ease, where the salinity is very high. 
In this instance, salts of calcium appear to have been almost 
entirely replaced by considerable amounts of sodium and 
magnesium salts, the latter being quite excessive in quantity 
(103). 

it is possible that the water of Tanganyika lias somewhat 
changed in nature within recent years, for most of the early 
explorers agree that the water was brackish, or at least pecu¬ 
liar ” in taste. If the rather vague .statements are to be relied 
upon, this alteration in salinity is probably to be associated with 
the question of the outflow of the lake. A period during which 
the lake possessed no outlet would result in an accumulation of 
salts producing brackish water, while a subsequent period with 
u. regular outflow would diminish the quantity of saline matter 
in solution. An examination of the available records suggests 
that something of this kind has taken place, and it thus becomes 
necessary to consider the whole subject of the out How of Tan¬ 
ganyika, 

Tins is not the pla.ee to discuss iu detail all the evidence 


* Obtain observations concerning Nyasu were made by Fiilleborn (33, p, 334 
ct seq.). 

f Grogan, referring to Lake Edward, says 1 “ Although tlie water was salt, it 
was drinkable(91, p. 191), In the same connection Bright remarks;—“The 
water of Albert is drinkable, but not good ” (55, p. 138), 
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which hears on the matter, hut the emiclusions arrived at may 
be .summarised as follows :—Since Urn area dmined is not very 
great, and the rainfall is relatively low, the amount of water 
which .finds its way into the lake is nearly balanced by the evapor¬ 
ation (ef. 190, vol. ii. p. (>8 el sey.). It follows that under 
average conditions there will be little change in the surface- 
level and no occasion for an outlet for the surplus water. There 
are reasons for believing that at some former period the waters 
of Tanganyika, did not flow out at all, and were consequently 
more saline than at present. As a result of the formation of 
great volcanic cones north of Lake Kivu, that poition of the 
Kile drainage system which once drained north into Edward 
Nyanza. became cut oil*, and its wafers finally diverted south¬ 
wards into Tanganyika (c/\ 137, p. 89 el sey.). 

Slowly raised in level by this additional supply, the water 
eventually found an outlet to the west, along the course of the 
Lukuga, a former affluent, and through a, sandstone ridge 
denuded in part hy the action of a tributary of the Congo. The 
lake having risen abnormally before the establishment of an 
outlet, sank at first rapidly, remaining at a lower level, subject 
fo fluctuations with the time of year and the amount of rainfall, 
A few consecutive seasons of unusual drought would suffice to 
reduce the level of the lake to a point at which all outflow would 
cease. It seems likely that under such circumstances a harrier 
might he formed in the hod of the effluent, due to the combined 
effects of wind-blown sand and tropica! swamp vegetation, and 
varying in nature with the length of time taken to produce it. 
If a tolerably firm dam was formed, a considerable rise in the 
level of the lake would he necessary in order to develop enough 
power to sweep away the obstruction. There is reason to believe 
that the high waf er level which Cameron and Stanley observed, 
and the subsequent re-establishment of an outflow, were phases in 
a cycle of this nature. If a periodicity of this kind really exists, 
it must of necessity be extremely variable in nature, and due to 
irregularities in the rainfall. 

The important bearing of these inferences on the problem of 
the fauna, of Tanganyika it is hardly necessary to emphasise. 
If the Nile has lost a not inconsiderable drainage area, winch 
has been added to that of Tanganyika, it seems very reasonable 
to suppose that this accession of water produced, for the first 
time, the overflew of the lake. If this supposition be correct, 
Tanganyika, must have been completely isolated and without an 
outlet, until the formation of the great volcanic dam in geolo¬ 
gically recent times. 

The lists of animals from the various lakes given in tlie hotly 
of this work are, as regards extent, partly dependent on the 
a,mount of biological exploration which each lake has received. 
That is to say, a comparatively small fauna may be merely clue 
to less complete, examination. Whether the lakes considered 
here can be regarded as having been at all equally investigated, 
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ifc is not easy to pronounce, huh l incline to the view that at tin* 
present time tho disproportion if any—-is not groat’*'. it is 
perhaps the smaller lakes which have been less hilly explored, 
a.ud from them, therefore, new records might, he exported, 
although their smaller size does not offer the km. mo occasion for 
other organisms to come to light. The larger lakes, morn 
thoroughly, hut still incompletely explored, may well from their 
very vastness contain a. number of forms which have never yet. 
been observed or collected. On the whole then, while recog¬ 
nising that future investigations will probably add considerably 
to the records from the individual lakes, thorn is reason to believe 
that a comparative survey of the forms n,t present known will 
a fiord a relatively true conception of tlm actual state of allairs. 

It is not so easy as might at first sight appear, to give complete 
and satisfactory lists of the animals known to inhabit the la.kes 
in question* 1 do not refer only to the difficulties of synonymy, 
though these are by no means inconsiderable, particularly where 
the Molluscs, are concerned. There is also the difficulty of 
deciding which forms should he regarded as true aquatics, since 
there are of necessity a number of types which are on the border 
line. While in some groups the question does not a,rise, in 
others it is clearly impossible to draw a hard and fast distinction 
between aquatic and non-aqua,tic species. Tims in making a 
decision in individual cases, as was necessary for the purposes of 
this paper, I may have excluded forms which some think should 
have been included and vice verm. For example, I have deliber¬ 
ately excluded all reference to the Awes, although the lakes are 
well stocked with water-fowl, and similarly I omit the group 
1 nseeta, notwithstanding tho presence of water beetles and 
insect larvm. (Certain Oniscidai were in the collections which 1 
brought from .Nyasa and, Tanganyika, the specimens having been 
obtained from tho lake shore. These truly terrestrial Isopods 
are likewise omitted from the systematic portion of t.he paper, us 
a,re also certain of the Oligoeluote worms. All those types, while 
moisture-loving, are obviously not to he associated, with individual 
lakes, and their precise distribution cannot have the significance 
which attaches to the distribution of strictly aquatic species. 

There is finally the problem of deciding* whether forms recorded 
from tho neighbourhood, but not actually from the waters of a 
particular lake, are to be reckoned as belonging to that lake’s 
fauna or not. This becomes, in a sense, a matter of special 
importance when a species is described as endemic t, Should a 
species, for instance, bo regarded as peculiar to a certain lake 

* As concerns Nyasa, tho collections of Pullehoni do not come only from the lake 
itself, hut also from adjacent ponds, swamps, and rivers. Retarded in this light, 
Nyasa has hecn more thoroughly investigated, than the other lakes, where records 
from the surrounding neighbourhood are almost unknown. 

f H is necessary to explain that I use this word deliberately in the sense of 
peculiar put locality, /. e. not found elsewhere. While the word is often used with 
this ^significance in works, on geographical distribution,, it* meaning is a little 
ambiguous, and it is desirable to make the matter quite dear. 
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when it was actually obtained From a neighbouring ,s\viins]i'(! 

I have den,it with film difiiculiv in what ,scums the most common- 
sense way, by definitely including all Forms recorded from the 
drainage aim of a lake as belonging to it. Nevertheless it must, 
be pointed out that even this decision does not avoid tlie trouble 
altogether, for it is not an easy matter to determine what con¬ 
stitutes the drainage area of a lake in a country where the 
boundaries of river basins are quite indefinite in the rainy 
season. Again, the possibility is not excluded, that organisms 
from adjoining fresh-waters may not find physical conditions 
suitable for them in the lug lake in their vicinity, in which ease 
they should not be. included in its fauna. Evidence of the 
existence of this very phenomenon is to be found as regards 
certain plankton organisms which are absent from both Tangan¬ 
yika. and Kivu. Throughout this paper I have placed a § against 
the names of all species which have not definitely been recorded 
from the waters of the lake in question. 

Subject to these difficulties in compiling exact lists, the 
following approximate figures can be given :—Tanganyika contains 
402 species of which no less than 293 are endemic, Nyasa with 
a total of 301 and 80 endemics coming second. Victoria Nyanza 
has a somewhat smaller total, viz, 289, but a larger number of 
endemic forms (110). The three smaller lakes show a great 
falling off in numbers, Albert Nyanza, mustering only 07 species 
of which 9 are endemic and Edward Nyanza 54 with 11 endemic 
species. Kivu, finally, only contains 23 types in all, 4 of which 
are peculiar to the lake. Thus, as regards its fauna, Tanganyika, 
is distinguished from the other hikes not only by containing a 
larger number of forms, but especially by displaying a. remarkable 
proportion of endemic species. 

While it is not necessary to discuss here the origin of fresh¬ 
water organisms, a few observations on one aspect of the question 
are needed at this stage. By movements of the earth’s crust, 
portions of the sea have, from time to time, been cut off with 
their inhabitants, and by gradual freshening have been sub¬ 
sequently converted into fresh-water lakes. During the latter 
process, there is little doubt that certain of the organisms would 
he unable to withstand the change and would perish. Inland 
lakes which appear to be the modified remainders of isolated 
portions of the ocean are sometimes spoken of as “relict lakes” 
(Keliktenseen). It is, of course, precisely this view of the origin 
of Tanganyika which was put forward by Gunther and afterwards 
elaborated by Moore. On tin’s hypothesis, the peculiar fauna 
was originally that of a. former sea, then that of a salt lake, and 
finally that of a, fresh-water lake. 

The marine-like appearance of certain of the Gasteropod shells 
of Tanganyika was expressed by the conehologist Bourguignat 
by employing the term “ thalassoul with reference to them—a 
term which did not commit its author to any view as to origin 
(42, p. 9). in Iris paper “On the Zoological Evidence for the 



5 "18 


DR. W. A. CI'WiNDTOX <»N TI5K 


connection of Lake Tanganyika with the Sea/' Moore indicated 
his belief in the origin of these forms as relicts from a. former 
ocean, bv intro<luring tin* oxpiession i4 liaiolininio " (126, }». Ibh : 
compare .also 138Of course from Moore V point of view, a. 
number of animals from other groups- all those, in fartwhich he 
believed to he the remains of an old marine fauna are similarly 
to be included under the term liulolimnie. Jt, is necessary for 
an understanding of what follows, that the significance of those 
words should be explained at this point. 

It remains to give a, systematic account of what is known of 
the animal groups represented in the lakes, niter which an 
attempt will he made to draw conclusions from the facts which 
this detailed study reveals. 

I wish to take this opportunity of acknowledging my indebted¬ 
ness to the experts who have so willingly examined and reported 
on the collections j. made in Africa,. In a, number of cases, too, 
they have given me valuable advice during the compiling of those 
sections of this paper on which they are authorities, and for this 
also I express my thanks. 


3. SYSTEMATIC ACCOUNT AND LISTS 03? SPECIES. 

In dealing in systematic fashion with the groups of animals 
winch are reviewed in detail, the latter are arranged approxi¬ 
mately in order, beginning with higher and ending with lower 
types. No at tempt is made to conform to any particular scheme 
of elassihcation, tin* headings employed being merely such as are 
suHieient to indicate the contents of the different sections. 
\\ here certain animal groups are conspicuously wanting, it should 
be understood that they are either intentionally omitted, as not 
truly aquatic forms (of, p. bit)), or are unrepresented in the lakes, 
in, each ease a list is given (in tabular form where more than a 
f«wv types arc concerned) of the species hitherto recorded from the 
diflerent lakes, and this is followed by a, brief dismission of the 
points of Interest and of the signilieanee of the records. The 
complete discussion of the zoological evidence and the conclusions 
to which, it points is deferred until the general survey which 
follows the systematic account. 


Mammalia. 

The biggest, though by no means the most interesting in¬ 
habitant of the lakes of Central .Africa, is the hippopotamus, 
which is widely distribut ed in the tropical parts of the continent, 
The common species, Uipimpottmms imphibim, is probably to be 

I (lo not u&iyo with Moore’s »nl>sei|netit statement tlmi Ivors which arc 
thalaasoHl cannot ho haloliiimio. Jt U true that tho words arc lint synonymous, 
ml sandy oi^amsmH may bo marine.] ike in aj.pcnrnaoo (tlmlassoid) and ni tie* same 
timo vohot lyjtoH (halohmmc). 
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found in all the lakes under review'*, hut definite records are not 
in every case available. 

In addition to the hippopotamus, there are two species of otter 
which occur over the greater part of Africa, and there is little 
doubt that both of these frequent the waters of the big lakes. 
A specimen of the larger form—-now known as Ao-rnjx cape a sis 
from Lake Victoria is in the collection of the British Museum. 
The smaller otter is known as Lair a 7 / utmli'colli#. Bore refers to 
the occurrence of otters in Tanganyika (101, p. 150), and both 
Grogan and Boekclmnnn speak of them in Kivu (91, p. 123 : 
16, ]>. 37 L), hut actual records are wanting in most cases. It 
may nevertheless be safely assumed that both species form a pari 
of the fauna, of the lakes with which this paper is concerned. 

As far as .1 a,in aware, these a re the only Mammals t which are 
recorded from the lakes. 


(Morion ilia. 

The largest reptile and the one most in evidence in the African 
hikes, is, of course, the crocodile, which is extremely widely- 
distributed in tropical Africa. Two species $ have been recorded 
as occurring in Lake Tanganyika. 

1. Crocodilus niloticus . 

This is the common African crocodile with the most extended 
distribution, ranging from Palestine to Natal and known also 
from Madagascar. 11. is found in Nyasa and Victoria, Nvanza as 
well as in Tanganyika, (see British Museum Catalogue (19) and 
lists given by Tornier (192, 193, and 194)), but, as far as I can 
ascertain, it has not boon definitely recorded from the other big 
lakes, though it very probably occurs in them all jj. 

2. Oroco'lilun eataphraetux. 

Uncorded from Cjiji, eastern shore of Tanganyika, by Tornier 
(194, p, 579). Essentially a, West and Central African form, 
extending from the Senegal to the Gaboon and nearly all over 
the Congo, 

OmriuA. 

Four sna kes adapted to an essentially aquatic life have been 
found on, the shores of Lake Tanganyika. Xu addition To these, 

» Grogan states that; the hippopotamus is not found in Kivu (91, p. 122), and 
Baekeloianu and Hnmleshngeu refer to this also (16, p. 371: 103, p. 201). 

f (lari Piters, in his book “New Light on Dark Africa,” English translation, 
London 1891, speaks on page W> of having seen porpoises in the Victoria N van/an 
There is to my mind little doubt that ho vvas misled, either by the appearance of tm 
otter or men perhaps by one of the great fishes of the bike. 

J For specific; distinctions and synonymy consult Boulenger (19, p. 278A set/,). 

jj A statement is made by Hchuhotz (156, p. six) that there are no crocodiles in 
Lake Edward, hut this does not agree with the accounts given by other travellers. 
Grogan (91, p. 122), Boekelmann (18, p. 371), and H uudeslingeid (103, j>, 2UJk). 
however, speak of the absence of crocodiles from Kivu. 
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;i, smike :i,l!iod to the cobras was taken swim min'? in the 1 .* 11 c4 4 
timing the Third Tanganyika, Kn|»<* ili1.ic*n. The fee spores 1 
may l><* enumerated as follows: 

1. Trophfovoins ofiratrn^. 

This is n well-known and common water-snake which is 
distributed over i uns j* 1 v the whole of Tropical Alrica.. SI. has also 
1 men recorded from Victoria, ’Nyauza (180, p. 205) and Mdward 
Nva.iizn. {192, p. b7 ), and may very well occur in most of the other 
big hikes. 

lb 1 J/./jp/t ()[//(• tt,x hi color., 

Drought from Tanganyika by Ilore, one of the earliest 
collectors, and also recently obtained from the same locality. In 
contrast to the preceding, this form has been found nowhere else. 
The genus was established by (liinther (93, p. (129) to reeehe tins 
species, but a, second species has since been found in Nyasalnndt* 

d. Gray it* orttala. 

A. Tropical African snake, distributed in the west from the 
Ci tin croons to Angola, and extending coastwards to the Ijelle and 
Ifcnri. Recently recorded from Albertville on the western shore 
of Tanganyika. 

4 . Gnnjia IhnUom . 

Known from the Congo region, the Upper Nile, and the 
western shore of the lake* 


fi, lUmUuujr-rma atoruttti. 

This snake, whieh belongs to the same group as the cobras, is 
probably high!)* poisonous, hut not strictly aquatic in character, 
The species was described from a single specimen (a young one, 
24 cm. long) discovered by Storms on the western shore of 
Tanganyika,, A second specimen, which was obtained by my 
expedition, was taken actually swimming in the lake, ft is in 
all probability adult and measures 125 cm. This form has not, 
been obtained elsewhere. 

From an examination of this list it will he seen that more is 
known of the snakes of Tanganyika, than of those of the oi lier big 
African lakes, from which indeed there are but two definite 
records —to wit, those of Tropidoiwtiw olhmma in Victoria 

* Far particulars relating- to these snakes, as also synonymy and means of 
identification, consult tkmtengvr (84: 35), 

f The Mysi salami species of (l/t/pholijais . O. why lit .is also a truly aquatic 

snake, and may quite, well occur in Nytwn, although it has not hitherto been reported 
from that lake# . 
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Nyanza and Edward Nyanza. Although Tanganyika, has certainly 
received a, considerable amount of attention, this circumstance 
would not alone suffice to explain the relative richness of its 
3 ophidian fauna,, which is the more remarkable in that two of the 
species are endemic forms. It is hardly among the snakes that 
types (diaraeteristie of a lake would he expected, but they never¬ 
theless afford an interesting parallel to the state of affairs which 
is so constant and striking in most of the groans of typically 
aquatic animals. 

UllBLONIA. 

Five species of aqua-tic tortoises come within the scope of this 
survey *, of which four have been found in Tanganyika, 

1. titer nothcerus shuiatus* 

A form well known from Tanganyika and obtained by Stulil- 
nia.nn in the Victoria Nyanza (192, p. 4). It has more recently 
been reported from Nyasa (193, p. 583) and from Lake Albert 
(180, p. 200), while it is widely distributed in South Africa and 
in East Africa south of the equator. 

2. SternothcnrHs derb'wnus. 

This species appears to he more especially West African, but 
also occurs in Tanganyika. 

3. titemotheras nigricans. 

A specimen of this tortoise from Usumbura, Lake Tanganyika, 
is referred to by Sternfeld in his report on the reptiles of the 
Uernian Ventral Africa Expedition (180, p. 201). It is also 
known from the region of Mozambique and from Madagascar. 

4. Pdumednsa yalmta. 

This is likewise a widely distributed form, and is recorded by 
Tornier (193, p. 583) both from Tanganyika and Victoria. .Nyanza. 

I t has again been reported from Victoria Nyanza by fcjfcernfeld 
(180, p. 201), and the British Museum also possesses a specimen 
from that locality. The sped os does not seem to have been 
mentioned hitherto from any of the other big lakes, although, it 
is well known from Southern and Tropical Africa and occurs 
even as far north as the Shut it tc Peninsula. 

5. Cyclodermafrenatum. 

Tills well-known Zambezi type has been collected by Fulleborn 
# Particulars of these Chelouiaue will Ik; found in tin; British Museum Catalogue 

<19). 

Puoc. Zool. Soc. : — 1920 , No. XXXV. 
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( 193 , ]>. 5H;> it 194 , p. 580) in Lake Nvasn also. It. is not know u 
from any other African lakes, 

in this case again a. larger number of forms is on record from 
Tanganyika than from the other Central African hikes, but I ha 
species t ire all •widely distributed, ami their precise distribution 
in the lakes is probably a matter of little significance. A 
curious piece of negative evidence of considerably more interest 
is the fact that, with one exception, there are no records of 
Trionyohidfu from any of the lakes, although these forms are so 
eminently aquatic and are known from other localities in Central 
Africa. The exce|)tion to which I. refer is Torn iers allusion 
(193 & 194) to C}/cIotfernH( fremUnw, a Zambezi species, in 
Lake Nyasa. 


Hatraoiua. 

‘While there are many Ifcitrachians which arc widely distributed 
in the A frican continent, the number of truly aquatic forms-- wit h 
which alone tints paper is concerned is very small. So far as 1 
a,in aware, the only true aquatics found in the lakes of Africa 
belong to the Amiran genus Xeitoptw, of which two species** need 
to be enumerated. 


1 . Xenopns mtwlforl. 

Tins form appears to be rather the commoner of the two. The 
British Museum collection contains specimens from Lakes Tan¬ 
ganyika and Nyasa, and according to Tornier (192, p, 1 52) tin's 
species was collected by Sfuhlmann at Bukobaon Victoria Nyanza. 
Its occurrence <Iocs not seem to have been recorded from any of 
the other big la-kes, but as if Ls widely distributed in the Lastern 
parts of Tropical Africa, it is quite likely that it may exist; in 
thorn too. 


2. Xt'nopw It nr lx, 

Recorded by Tornier (192, p, Kni) from Victoria Nyanza. 
Subsequently recorded by Nieden (141, p. IH(») from t he same, 
lake and also from the western bank of the Husisi River which 
Hows into Tanganyika—though not reported aetually from the 
latter lake it self, This form likewise lias an extended distribution 
in Central Africa, and may very well occur in the other lakes also. 

Since both these species are so widely distributed, it is probable 
that their exact disfrxbufkm in the hikes is of little moment, 

* the distinctions between the two species of Xenopus consult Uoulenjzer 
(27, p.249). b 
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Pisces. 

The fish of Tanganyika, constitute bo inconsiderable proportion 
of the animal forms which are known from the lake, since there 
are now recorded from its waters no less than 146 species. This 
result is mainly due to the activities of the three British ex¬ 
peditions and more recently the Belgian expedition under the 
late Louis $ tappers, though a number of smaller collections have 
abided considerably to our knowledge. 

There was a, period during which the fish fauna of Tanganyika, 
had probably been more carefully investigated than those of the 
other big lakes, but at the present time this is no longer the case. 
So far as Victoria Nvanm is concerned, this is due particularly 
to the researches of the late V\ G. Poggett, M. Alluaud. 
E. Pegen, and E. Bayou, while in Lake Nyasa. the recent 
collectors have been F. Fiilleborn and E. L, Rhoades. It is 
nevertheless very doubtful whether all the fish forms which in¬ 
habit these vast inland seas have as yet been even approximately 
discovered, for each extensive collection still adds new species, 
often of very striking appearance. At the same time it will be 
agreed that the investigations of many explorers, spread over 
a- fairly considerable period of years, must have furnished data on 
which it is possible to rely, even though further knowledge may 
occasion some revision in points of detail. 

Tin*, fishes are better represented in the lakes than any other 
group. Nyasa appears to form an exception, as in that case 
the number of Lot if era, even exceeds that of the lishes. This 
is due to the inclusion of a; largo number of extra,-lacustrine 
records. 

In the list which follows, JOS species of fish are enumerated, 
and it is a point of considerable interest that only three of these 
are recorded from outside the continent. They are Cl (trim 
haw a, Tilapm mlotwa , and Ilaphchromx dexfontainesii n all known 
from Syria,, with which, through the valleys of the Jordan and 
Nile, there is believed to have been communication in former 
geological times. 

The outstanding features in the case of Tanganyika, will be 
seen to be firstly the large number of different forms found 
within the limits of a, single lake, and secondly the remarkably 
large percentage of those forms which, are not known to occur 
elsewhere. 
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VMi of Dkfnhnlioti of /W« j\ 


Naum of Spt»cios. 


Tangan¬ 

yika. 


Victoria v „ Albert l'Mward 
Nyanza. • s * Nysin/a. N.vanza. 


Kivu. 


<! Mhrr parts of 
the wurM. 


Fatullv Pui.YFTi!Rin.fi. 

Folyptmis cmigieus . 

P* 




... t tDigit U, 

„ S(!lH‘gulllS . 



F 


W, Alrica, Nile, 

Familv UumdosiuhniI)^. .. . 

Fmtoptems utthiopicus . 

F 

F , ... 


F 

Nile, I'liitidnli, 

Family MoBMYRiDas. .. 

Mormyrops delieiusus . 

Pctrocephalus catostoma. 


F 

F 



V , Africa, Zambezi, 
Itovuma U. 

„ di'gftii . 

Mareuscnius nigricans. 


E 

F 



Fast Africa, 

,, discovhvuehus,. 

P 

F 



Zambezi. 

pctherici . 


F§ ... 



... Nile, _ 

Virlm'iu Nile, 

(Tiudljoncmus longibarbis ... 


K 



Monnyrus kaunumc . 


F 



Nile. 

„ longirostris . 

P 

F 



Uungwenlo, Zambezi. 

Family CrxrRiPiR. 

Peilouula miodou . 

Kfolotlmssu tungimicie . 

K 

Gen. K 





Family CiiAiuciNnuK 

Hydrocvon forskalii .. 



P 


... W. Africa, Nile. 

„ li neat us . 

P 




Tropical Africa, 

Alcaics dmifcex . 


, #p 

P 


\V. Africa, Nile, 

„ maerophthaluins . 

v 


i'f!i 


M were, t’lingo, (taboo 

„ sod lor i . 


i'l 



Malawi. It, 

„ nurse ... 


F 



W. Africa, Nile, 

„ jncksonii .. 





Malawi. It, 

,, imbori .... 




Vongo, Zambezi, 

„ viHat us. 

„ rhodopleuru.. 

Oitharhms gibbosus.. 

K 

rc 

P 




,, Congo It, 


t For further details relating to Urn I*isees,gw* in particular (V comprehensive ‘Falnloguo 
of the Fresh-water Fishes of Africa,’ by <{. A, Houlonger (361, which is Uni authority on 
which, in the main, 1 have relied in pre|Mi.ving the adjoining list, It is necessary to make it 
quite clear that l follow Jlmilenger in regarding (1.) the fishes obtained IV«»m " t hat part of 
the Victoria Nile which lies between hike Victoria and the Murchison Falls as belonging 
essentially to the lacustrine and not to the Nile fauna, nud (2) the tish collected from the 
Upper Shire Hiver (as opposed to the Lower Shir6) as constituents of the fauna of hake 
Nyasn, healing with the* records in thin sense, therefore, fishes have heen described as 
endemic in Victoria Nyanza when they have been taken in the Victoria Nile nx well us in 
the lake itself, or even should they have been obtained only from the Victoria Nile, For 
Nyasa and the Upper Shivo the same principle is adopted. In a few eases also, fishes taken 
within, the obvious drainage area of a lake m includes! in the list, ns if would clearly he 
illogical to omit them, All the instances, however, in which records are not actually from 
the lakes themselves, arc specially indicated by a §. 

* Throughout this paper, wherever a tabular form has been adopted, an K is used to 
indicate that the species referred to is endemic; T\ that it is present in the lake named but 
known elsewhere. Gen. K implies that the genus is endemic. 

§ TSTot actually recorded from the lake itself. See footnote above, 

|| This record needs confirmation. 
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Name of Species. 


Tangan¬ 

yika. 


Victoria Wt „ loii Albert Edward 
Nyanza. *' ’ ‘ ’ Nyanza. Nyanza. 


Kivu. 


Other parts of 
the world. 


Family (Atrinid.ts. 

Labeo horio . ... ... P ... ... Nile. 


„ me,sops . 



E 


Upper Shire It. 

„ victoriiums . 


E 



Victoria Nile . 

„ cylindriens. 

P 


P 


Abyssinia to .Zambezi. 

Discognatlms jolmslonii. 


P 



E. Africa. 

Yaricorldnus stappersii ...... 

E 





,, tanganiem . 

E 





Barbus trupidolepis. 

E 





„ lobogonys. 


E 




j, kivuensis . 





E 

„ rade.liHii . 


E 




„ altiaimlis . 





P Jtusisi It. 

„ fovgussmui . 




E 


„ baymii . 


K§ 



Victoria Nile. 

„ (‘duimliimus. 




E 


„ eurystmmw . 



E 



„ vhoiutesii .. 



E 



3 , platyrldnus. 

k 





n U,Vassal . 



E 



„ johnstonu. 



E 



„ trimaculatiw . 



P 


Zambezi, Angola. 

„ munmifer. 


P 



K. Africa. 

,» palmHmasus. 


P 



... E. Africa, Natal, 

„ tliikensih . 


P 



E. Africa. [Angola. 

,3 sevritVr. 

p 




... Polio It. 

„ mincliiui . 


E 



... Malawa It, 

} , tetraspilus . 


E 




„ sexvadiatus . 


E 




,j litamba. 



E 



„ apleumgraimna . 


k 




,» in ancons . 



P 


... E. Africa. 

,» tmniojdeuru. 

E 





urustignia. 

E 





„ areisloiigai . 



E 



„ perinea . 




PMi 

Nile. 

„ trispilopleura. 


p‘?ll 



Abyssinia. 

„ doagotti . 


E 




„ lufukionsis . 

a 





„ magdabmui . 


E 




Buvilius nueroeopliiiluK. 



E 


Upper Shird. 

„ mourn . 

p 




P 

„ tonguniem . 

E 





„ winrolepis . 



E 



Engmulievpns sardolln . 



E 


Upper Sh ire. 

„ urgentons 


E 




31 inmufus . 

E 





Family Silu uim*. 






Chirms nnguillaris. 

. 

P 

... 


Nile, Chad, 

„ nmorii.. 




E 


„ niossnmbieus . 

P 

P 



... Abyssinia, E. Africa, 

„ bizem . 



P 

P 

,,. Syria, N ile, W. Africa. 

„ ear,sonii . 


P 

P 


Uganda. 

„ Kubumrpnatus. 



... 


P (himcroon, Ituri 11, 

„ lioeopbulits . 

i 1 ’ 

... 


... 

... Ubanghi R. 

,, alluaudi. 


E 




„ werneri . 


P 

... 


... Uganda. 

Dinotoptmw cumdngtom , 

Gen, E 





Entropiusnilotieus 


... 

P 

... 

... Nile, Senegal. 

Soldlbe mywtns..... 

.••• 

P 

... 


... Nile, Tropical Africa, 


§ Not actually recorded from the lake itself. 
j| This record needs confirmation,, 



























































m t w. a* <-un'nin<;tun* <»\ tut, 


n2i) 


Nsutn v (if Sp.'ClCS. 


Tangan¬ 

yika, 


Victoria v „ . All-fit Edward 
Ny ;i 11 /.it. * ' Nyau/:i. Nyauza. 


Kivu, 


i b her jmrts of 
llu' world. 


UiigTiiK bay ad .... 

„ oriental is . 

docinae . 

,, degcni .. 

„ meridionalis. 

Clirysiehthys sinnomm. 

„ gnmeri . 

„ eranchii . 

,, stappersii . 

„ m.vriodon . 

„ grandis . 

,, brarhyncina ... 

Phyllonemns typus . 

Amphilius platycbir... 

Auehenoglanis Occident alis... 

Eynodontis granulosus . 

„ ilhonti . 

„ zainljiwusis . 

„ molnnustirtus ... 

inultipunctatns... 

,, victorijo . 

„ ufro-lischeri . 

.. nigvitn. 

Malaplcrunm elwtricus . 

Family ( Ixphinoiwsti djs. 

Fnndulus tamiopygus . 

Haplochilus dhnnti . 

„ ptnnilus . 

,, johustouii . 

Liunpviehtliys tanguuioniMs.. 

Family Kbmatukk 

Rates mkticus ... 

„ mierofepis . 

„ ungnstifmtis . 

.Fiueioiates stappersii .. 

„ kevior. 


Family Ctcju.tmuf, 

Tilapk shkmu. 

„ imisKumbicu.. 

„ nilolicu.. 

„ ednardiamt _ 

„ varialiiiis 
„ mmmmrginatii... 
„ squnmipinnis 
„ mela nopleura ... 

„ burtoni. 

„ ftdolphi-fmlertei 

ciillipteru. 

„ willianisii. 

„ horii .... 


P 


z 

K 


E 

E 

10 

K 

(ion. Z 
p 
1* 

E 

Z 

i 1 ' 

E 


JE§ 

P 


f;k‘li. B 


E 

Z 

lieu, Z 
111 


v 


p 

v 


a 


Y 

K<$ 


Vi 


vi 

K 


V 

vi 


V 

E 


Nile, W. Africa, 
K. Africa. 

Nile. 

fj)|HT Si live U. 


I'kmgo. 


K. Africa, 

Nile, W. Africa. 


Zambezi, Z. Africa, 
Zambezi, llunufvrtHtlft, 

| Mwero. 

Mala s\a 11, 

Nile, W. Africa. 

Nile, Tropical Africa. 


Z, Africa. 

ImlvUgU It. 

Nyusahmd, Zufulaml 


Nile, W. Africa, 


Zambezi, 

. M, Africa, Natal, 

P P Syria, Nile, W. Africa. 

V § ... It Africii, ( 

... Victork Nile. 

rpjier Shire« 

P W. Africa, Zambezi, 
F I'ZuluIaml. 

K 

. Zambezi. 


§ Not actually recorded from the lake itself. 

T Quite recently, and since this section oil the Pisces was completed, an important paper 
dealing with the classification of the Oichlids 1ms been published by Regan (145). Entering 
on a revision of the fishes of this group, he deals in ( this introductory article with tins 
Tanganyika genera, Since ho has not yet completed his investigations, I have not attempted 
to'revise, my list in accordance with Ids views, and merely call attention to the paper in this 
place. It, is clear that in this tabulation I,am compelled to conform to the standard 
originally adopted, which cannot be brought into line with the suggestions put forth in 
the above-mentioned preliminary essay, 
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Name ot Species. 

I'angan- Victoria v Albert Edward 
yika.. Nvanza. 1 Nytin/.a. Nyanza. 

Tilapia pevvieri . 

E 

M liuniiliov . 

E ' 

„ pallida . 

K 

„ pappetihdmi . 

E 

,, lacrnnusii. 

P . P 

imhila . 

E . 

,, macrops . 

P . P 

martini. 

P . P 

„ havoni . 

M . 

„ nigricans .... 

E 

„ simotes. 

m . 

„ zebra.. 

E 

„ aurata . 

K 

M johnstonii . 

E 

„ tetrastignia . 

P . 

„ kirkii. 

P . 

„ lateristriga . 

E 

„ lethriuus . 

E 

.j rostrata . 

E 

„ dardennii. 

K 

„ nnicvoplitlialma. 

E 

„ brevis .. 

E 

„ inornuta . 

E 

„ trematocepliala. 

E 

„ hoops ... 

E 

„ gmndoeulis . 

E 

Petrodiromis tanganiem. 

E 

„ aiulersmiii. 

V . P?!| 

polvodon .. 

E ■ 

„ nyassio . 

lasciolatus. 

E 

JC 

Cuimingtoiiin long! ventral is.. 

Gen. E 

Simoelmnnis diagrannna,. 

Gen. E 

Trophous moorii . 

Gen.E 

„ aiineetens. 

E 

Asprotiiapia leptura. 

Gen. E 

LoWhibites labial us .. 

Gen. E 

Dncimodns johustnnii . 

Gen. E § 

Haplochromis hvingslonu ... 

E . 

„ venustus...... 

E 

„ schulailzi . 

. E 

„ uuc.hispuamuktus 

E 

jeunneli . 

E 

„ angustifrons . 

. P 

„ Ishimieli . 

K 

„ rotierti . 

E 

„ stanlevi . 

E . 

„ pereoidcs. 

E . 

„ gmueri . 

. P 

„ strigiguna . 

... ... ••• P 

„ desfontamesii ... 

P P ... P 

„ alltmmli . 

E 

Paratilapia gestri . 

E . 

parvideus . 

... ' E§ . 

„ pfeileri .. 

E 

„ afra... 

E 

„ modesta. 

E 

„ thunibergii . 

vitt.il to. . , 

P 

... 

„ comprcssiceps ... 


„ lougirostris . 

... E ... ... ... 

„ ' prognatlia . 

13 : 


§ Not actually recorded from the lake itself. 
|j This record needs confirmation. 


I Rher parts of 
the world. 


Victoria Nile. 
Victoria Nile. 


Victoria Nile. 
Victoria Nile. 
Victoria Nile. 


Uusisi II. 

Nyasaland. 

Nyasaland. 


Upper Shire. 
Upper Shire. 


Victoria, Nile. 

Victoria Nik 
Victoria Nik 

Y 

P Nik E. Africa. 

P Syria, Nile, Tunisia. 
Victoria Nile. 
Victoria Nik 
... Victoria Nik 


Upper Shire. 

... Zambezi, Rangweolo, 
E [Angola. 

... Victoria Nik 
... Victoria Nik 
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Kamo of Species 


Taiigan- Victoria 
vik:u Nvun/.n. 


A liter! Ki l \\iiiil 
y vn(t/U(< Mv;ni/;u 


Kivu 


Pamtilnpiii: serranus. 

guiarti . 

buyout . 

cliilott-s . 

pectoralis . 

timculiyinna . 

viotoria ua . 

gnmti. 

cinerea . 

emssilabris . 

liieoW . 

retrodens . 

polyodnn . 

uotntaniiu ..... 

(Ihnidiata . 

rlioa<lt*sii . 

chry sonata. 

intermedia. 

ventral is. 

duwimlti. 

lukugin . 

fund fora. 

stonosoina. 

mievolcpis. 

leptosoma . 

itigripimiis. 

calluira ... 

Pelmatocliruniis polylopis .,, 
„ riponinnus 

„ mierodon 

„ obesus . 

„ anritiw. 

„ spokii . 

iluviphmis.. 
cimfmns ... 
,, fnmtosuH 

„ inncropH ... 

,, stappendi ... 

„ pleimwpilus 

„ rhodostignta 

Plutyta-iiioilus degeni . 

Ohampsochromis nemletts ,, 

„ hmgiwps... 

esox ..... 

Butbybiitcs* gnmcri .. 

j, Ibrox .. 

„ bond.. 

„ vittatus.. 

,, fascial us . 

„ minor. 

Haplotttxndon mimdep’s. 

Cyrtocara moorii . 

Ectodus desciuupsii .. 

Enantiopus melanogenys ... 
„ ouhrogenys . 

„ ralhiii; .. 

Ktappcrsiii shigubtris .. 

Xenotilatiia sirna .. 

„ onisitipiimia. 

Grammatotria lomiurii. 

Trematwsim marginatum ... 

„ nigri fruits . 

» unimacufattun... 

Gephyruchromis moorii'. 


\'4 

K 

K 

K 

E 

K 

K 

K 


P 

K 

K 

K15 

Ks 

K 

K 

K 

K 

K 


Kj 

K 

K 

P 

K 

K 


K 


(roll, K 

K 

K 

K 

K 

K 

(Jen. K 

(Jen. i'l 
Gen. K 
K 
K 

Gen. K 
Gen. K 
B, 

Gen. E , 
Gen. K 
E 
K 

Gen, E 


Gem K 
K 
K 


Gen. K 


§ Not actually recorded from the lake itself. 


Other parts of 
the world. 


Victoria, Nile. 
Victoria Nile. 
Victoria Nile. 
Victoria Nile, 
\"i» turin iN ib*. 

Victoria Nile. 


Victoria N if*. 
Victoria Nile. 
Victoria Nile. 
Victoria Nile. 

Upper Shire. 


Urn,:, ih 


Victoria Nile, 


Yicloria Nile. 
Viet or in Nile. 


i’pi" r Shire. 
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Name of Species, 


Tnii^un- Victoria. Y , Albert Edward r . Other parts of 

yika. Nyanzu. 1 P ls ‘ L Nvamm. Nyamw. vn ’ the world. 


Lamprulogus breviannlis. 

E 

„ tefcraeanthus ... 

K 

„ manrimitus ... 

K 

,, dhonti . 

E 

„ tretocopbalus... 

i*; 

„ liecipti . 

K 

„ multifasciatus.. 

E 

„ modestus . 

E 

„ momlaim . 

E 

„ ‘t steindaclmeri,. 

E 

„ ? bouleiigeri ... 

E 

„ olonjratus . 

E 

„ pleiii’ostijruia... 

E 

„ cuiniiiiatoni ... 

E 

„ lemairii . 

E 

„ eaDipt crus. 

E 

„ iasciatus . 

E 

„ hrevis. 

E 

j, moorii. 

E 

„ compress iceps., 

E 

,j tii’iiiurnB......... 

E 

,j cnlliunw*.. 

E 

„ rotieulatus. 

E 

„ turn for . 

E 

Julidoehromis ormitus. 

Gem E 

,» h ocuilatus. 

E 

Telmatoebromis temporalis... 

Gem E 

„ vittatus ... 

E 

Bavonia xenodonta . 

... 

Heuatilapia oxyrbyttclms ... 


„ bavoni . 


,, materfamilias ... 


Coromatodns shiranns 


Eretumdus cyauost,ictus . 

Gen. E 

Spatbodns ervthmihm. 

Gen. E 

Perisnodus microlepis . 

Gen. E 

Chilotilapia rhoadesii . 


Sehuhokin eduardiana. 


Xonoehrcmis heequi. 

Gen. E 

PIccodus paradoxus. 

Gen, E 


Gen,E§ 

hi’ 

E 

Gen.K § 


Gen. E 

. Gen, E 


Victoria Nile. 
Victoria Nile. 
Upper Shire. 


Family Akabantulk. 

Asm ban rnuriei . . 1‘ 

Family MAbTACKMiiKt.iiiJK. 

Mastucombelus fremitus. K 

„ eminiiitftoni.. H 

„ moorii. E 

,, shiramm. 

„ victoria*. hi 

ellipsifer. hi 

„ nmllandi. I’jj 

„ turniatns...... E 

„ tanpmiem ... E , 

n ophidium ... K 


. Nile. 

E ... ... ... Upper SlurA 

Victoria Nile. 

N. Rhodesia. 


12 families. 11 9 7 6 4 a 

72 genera*** Z~T . 26E/29F. 2B,33P. 5E,20l\ 14P. IX7P. OP. 

(55) (25) (25) _ JB)^ 

^ «tede« ,.Z. . 43B,80P> 17P. •6E,121>. 3K,M\ 

(140} ■ (80) (83) (18) (13) 

§ Not actually recorded from the lake itself. 
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Jfc is i‘vidonti Hint* a table which mmmei'Mies TtS *|M‘ems ami 
extends over several pages is hi* lot* (inwhddv in i*«»?iv**V a 
impression of the onistnmlii 114 ; fealnivs ul drsirihul.ioiu 
Tim pmieipa.l tnbli* nl* distribution is then.•i'*»r<* M!p|dmm*iitnl l.\ 
f,\vo tabular lists, which will serve ms m, summary ami at the Mine 
time emphasise (he points which nre most striking. The first 
.supplementary ta)>i<* supplies Urn mimher <>f .species represented 
in each lake classified under their respective families. 


Xauher of Specie* re 


Name of 
Family. 

Tanganyika. 

Victoria 

Nyun/ii. 

Pol vptevitlie . 

1 P 


Lupidosiroiiidu! .. 

1 V 

IP 

Monuvruk 1 .... 

31* 

2 F 15 P 

Olupeulin . 

2 ,1C 


(Iiaracinida* ... 

2 !C .‘5 P 

3 K J 1* 

OvpriuidiP ........ 

{»1C 3 P 

11 K 0 I* 

Silurida. 

11 IC 8 I* 

1 K t» P 

Cyprinodontidai. 

a ic 1 v 

2 P 

Scmmidsc . 

41C 


r? Hilt 11 dii * 

811C 5 P 

4u K 7 P 

Amilumtidifi . 


1P 

Ifiistaijornlwliiliv., 

7 K 1 Y 

1 K 


208 species 12.1 1 C 2 n It lie 1 C 2 ii P. 

{.inn (Km 


pccst'itPul hi Luke4. 


NyiMi. 

Alhcrl 

Nyaii/.a. 

Kd ward 

N v juc/.fi. 

Kivu, 


1 V 

1 P 


IP 




I P 

2 P 



in IC a P 

1 P 

2 IC 1 P 

1 1C 2 Y 

I 1C 1 P 

7 P 

! 1C 1 Y 

IP 

1 P 

1 P 



31 K 7P 

IP 

2 1C i) Y 

2 (C 7 P 

1 K 




42 1C 20 P. 

, 17 \\ 

(tIC P2P. 

21C lop 

(112) 


1 is) 

(121 


The other supplementary list simply gives He* munluw of 
endemic genera, known from ihe lakes in question juTanged 
according to families. 

Xumher of Hud emir Leuera hi Lakes, 


Name of Kmnil.v. T.mgau.vika. N>.«. fc 1 . 


(.'lupcidai . 1 

Siluridaj... 2 

Oypnnodontiilm .. 1 

Semumla* . 1 

CUcblitlm. 21 3 8 1 


5 families 211 2 5 1 


it is clearly impossible to allude specifically to more than a 
few of the points of interest which emerge from it study of the 
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preceding tables. Many details of lesser importance will be 
found discussed in tin* various papcis on the fresh-walor .fishes 
o! Africa, mentioned in the bibliography nr in the British Museum 
< Mtalogue (36). Attention must, iiowewr, he drawn to the most 
signifie.mt features, many of which are now brought into special 
prominence by means of the tabular method employed. 

The point that first arrests attention is that Tanganyika, con¬ 
tains no fewer than I4(> different forms of 11,sh, which is in 
itself a. remarkable number to come from within the bounds of a 
single lake* Tho fart becomes still more striking* by a. comparison 
with Victoria, Nva.nza, whicli contains 8f> forms, and Nyasa which 
contains (53. Tims, Tanganyika has more than half as many 
species again as Lake Victoria and over twice as many as Nyasa, 
■and this despite the fact that. "Victoria is a bigger lake than 
Tanganyika and Nyasa not much inferior to it in size. 

It must next he observed that of the 14(5 species known from 
Tanganyika, no less than J 2L are peculiar to that la,he, while in 
comparison (50 out of 8(5 are endemic in Victoria. Nyanza, and 43 
out of (53 in Nyasa,. That is to say, nearly 83 per cent, of the 
fish of Tanganyika, are found in that lake alone, while of the 
species found in Victoria, Nyanza, (59 per cent, are peculiar to 
the lake and in Nvasa, (57 percent. Tanganyika,indeed,contains 
more than double as many endemic species as Lake Victoria., 
which shows the next largest total. 

Although the number of endemic species in Tanganyika is 
clearly remarkable, the number of endemic genera, is still more 
so, Of the 55 genera, known to occur there, nearly half (2(5) are 
found in that lake a,lone. A. comparison with the two other 
lakes, n,s instituted above, serves to emphasise the exceptional 
nature of this fact. Two genera, only out of 25 are endemic in 
Victoria Nvanza. and live out of 25 in Nvasa. The number of 
genera, recorded from Tanganyika, forms a remarkably large 
proportion of the total enumerated in the table of distribution, 
A, comparison of the figures shows that whereas this lake contains 
14(5 species out of a grand total of 308, L e . 47 per cent., it con¬ 
tains 55 genera, out. of 72—no less than 7(5 per cent. 

ft. will now be well to review the list of fishes in rather more 
detail, dealing in general terms with the various families and the 
distribution of their representatives in the lakes. There is little 
to comment on as far as the Polypteridm and Lepidoslrenhhe are 
concerned. Species of Pohjptenix and Protoptarm are fairly well 
represented in the hig lakes, but the details of their distribution 
have no particular significance.—Of the Mormyrhke no species 
have as yet been obtained from the smaller lakes, and the family 
lias bub few forms in tho three bigger ones. Only Victoria 
Nvanza, contains endemic species.—It is interesting to note that 
the Olupeidffi are to be found in Tanganyika alone, where there is 
an endemic species of the fresh-water genus Pdlonula , as well as 
a representative of a closely allied endemic genus.—A few forms 
of Oharaeinidie occur in the lugger lakes, of which Tanganyika 
and Victoria each contain two types peculiar to themselves. 
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The family Ovprinhhe is better represented lh;in the others 
hitherto consider* 1 * 1, hut. t'.liis is mainly due to the number of 
species of the very widely distributed genus of which 

about 250 forms have been already described from film fresh- 
waters of Africa. Thorn are types of this genus peculiar to cadi 
of the Jakes under review with the exception of Luke Albert, in 
which, strange to say, no representative 1ms yet been found. 
The genus \ r aricorhhiux, found in Asia, and various parts of 
Africa, occurs in the lakes only in Tanganyika, where then* 
are two characteristic species. Jt is noteworthy of tin* genus 
Eiajeaallcijpelx that each of tie* three big lakes appears to contain 
a form peculiar t.o itself. 

The family Wiluridse cannot be expected to alibi’d evidence of 
much value concerning geographical distribution, since ninny 
of its members can remain for prolonged periods out of water 
and oven progress for some distance over land. There are there¬ 
fore few points of significance* to which attention need be drawn, 
but it may be pointed out that, even hi this group, Tanganyika, 
exhibits two endemic genera. Further, it is curious to note that 
tli© genus Eftrijxiehth fix, while common in the Nile and Tropical. 
Africa, occurs in Tanganyika alone, in which six of the seven 
species named are likewise endemic. 

Only a few types of the family Cyprinndontidse are represented 
in the list, but among them is .Lamprkhlhy^ a genus peculiar to 
Tanganyika.,—The genera, Latex and J.mmfok, s* arc the only 
members of the Surranidie to be found in tin* big lakes, and of 
the species which occur, only one—the well-known Latex a Hot let's 
—appears outside the coniines of Tanganyika. Thus in this, 
group also there is a. genus {Laeiolafe, s) endemic in that lake, 

W bile the families hitherto considered show various noteworthy 
features of distribution, it is the (Jieldidm which far surpasses 
them a,11, both in interest a.ml in the number of forms represented 
in the A trican hikes. Of all the species enumerated in the table 
of distribution, more than 70 per cent, are Oichlids. or to put, if 
another way, there are considerably more .species of the family 
Cichlida* than of all tin* other families taken together, hi the 
case of the gemma., exactly half arc Oichlids, there being 30 out. 
of a. total of 72. These art*, rema.rka.hlo facts, but they are not 
merely an expression of the common occurrence of I,lbs group of 
fishes oil the continent, as an examination of the list will show. 
It is quit© clear that there are groups of forms which are peculiar 
to these big lakes, and that the three biggest contain more 
than the smaller ones, while a culminating point is reached in 
Tanganyika, with a succession of endemic genera. 

Lake Albert is a,lone in containing no endemic species, but the 
numbers grow from 2 arid 3 endemic forms in hakes Kivu 
and Edward respectively, to 31 in Nyasa, 40 in Victoria .Nyanzn, 
and no less than 84 in Tanganyika. Nor is this all. for'in the 
number of endemic Cichlid genera the remarkable nature of 
the fauna, of Tanganyika is particularly exemplified, in the 
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fetter lake 21 peculiar genera, occur; as tvnnjKivo.fi with 2 in 
Lake Victoria,, 5 in Nyasa, and u. single yvims in Lake Edward. 
A.s concerns Tanganyika, the ea.s» may he stated even more 
forcibly by pointing out that 41 genera in all are recognised 
from the whole continent, of which 21 belong exclusively to this 
hike: in other words more than half the genera of Ciehluku 
known in Africa, a,re confined, within the limits of Tanganyika,. 

it may he worth while to give a, few more comparative figures 
in the case 4 of the three bigger hikes around which interest 
principally centres. In Nyasa. 38 (Jichlid fishes are found out 
of a, total lish fauna, of 03, which is 00 per cent, of the whole; 
in Victoria Nyanzn. 47 out of 8G, which is some 54 per cent. ; in 
‘Tanganyika 89 out of 140, or nearly (51 per cent, of the total. 
With this remarkable total, of 89 (Jichlid fishes, Tanganyika, in 
fact, establishes another record, possessing the richest (Jichlid 
fauna in (.he world. Next note how extremely large a proportion 
of the endemic species a,re Oicldidas. I n Nyasa, there occur 31 
endemic (Jichlid species out of a. total of 43 endemic species in 
the lake, i e. 72 per cent.; in Victoria, Nyanza 40 out of (50, or 
•r>G per cent,; in Tanganyika, 84 out of 121, or (59 per cent. The 
proportion of endemic genera, belonging to this family is even 
more extraordinary, for all the genera, which are endemic in 
.Nyasa, and in Lake Victoria, are Cichlida* (the same is true of 
the single endemic genus found in Edward Nvanza), and in 
Tanganyika, there are 21 out of 2G endemic genera,, or 80 per 
cent. Lastly, the number of endemic (Jichlid forms as compared 
with the total number of Cichlid forms known from the lakes in 
question is a, basis for further striking figures. Tims in Nyasa, 
out of 38 species of Cichlida?, 31 are endemic, or 81 per cent.; in 
Victoria, Nyanza., out. of 47 species, 40 are endemic, or 85 per 
cent.; in Tanganyika, out of 89 species, 84 are endemic, or over 
94 per cent. 

From a, consideration of all these figures it becomes very plain 
that the largo number of unique forms characteristic of Tan¬ 
ganyika, is especially due to a, great development of the fishes of 
this group, a,nd that the same is true, though in lesser degree, for 
Nyasa. and Victoria, Nyanza. 

The review of so largely represented a. family must of necessity 
he brief. The very characteristic genus Tlhtpia extends to 
40 species in the list, but though some are peculiar to certain 
lakes, there, are no very striking features of distribution to be 
noted. The genus Petrochromm appears to be mainly typical 
of Tanganyika, for though an endemic form occurs in Nyasa and 
there is a doubtful record from Lake Albert, it is not found in 
Victoria, Nyanza, or any of the other lakes considered. The case 
of llaplochromw is interesting as being, on the contrary, a genus 
with a single widely distributed species recorded from Tan¬ 
ganyika, while it is better represented in all the other lakes 
under review. Perhaps a more important—though unexpected— 
feature is the existence of JL cmgmtifrcms avid IL gmmri in both 



OK. W. A. CUN.\IN<i r ro\ ON THIS 


534 

Lilians Kid ward and Kivu and now hern else. This is a mailer of 
some interest, since there is evidence for believing Mini, these two 
lakes, between which than* is now no connection whatever, whv 
in relatively recent times in communication with one another 
(ef. Moore, 137) [>. Nil), Tim gam is Purtdihfjiia, is another repre¬ 
sented in the list by a, large number of species, these being 
associated in groups which in most cases are ]ieculia.r In one of 
the three bigger lakes. IWinatoc/mriiuti, which is widely dis¬ 
tributed iu West Africa, occurs in Tanganyika and in Victoria, 
Nvanza. but. otherwise only in a single instance (Lake bid ward) 
in the lakes with which this paper is concerned. 

There is no occasion to refer individually to the numerous 
(Jichlid genera, which arc endemic in the African lakes, the 
important point lining Mint so many of them are found in Tan¬ 
ganyika. Attention may, however, ho called to (Shaw punch to in 5# 
from Nyasa with three species, and litfthffhalcu from Tanganyika, 
with six, as these exhibit the greatest number of species among 
the different endemic genera. The genus ,Lantpvolo<j(u s* is of 
considerable interest and importance, being represented by a 
total of 27 species from the Congo and .Lain 1 Tanganyika.. I t is 
nevertheless essentially dmraeforistie of the latter, for 24 endemic 
species are recorded from tin* Jake, while the remaining three 
species are peculiar to various parts of the Congo river system,. 
The distribution of tin* three forms of llevut/la/iia is quite 
different from anything else met with in the list, since the genus 
is only known from Lakes Nyasa, and Victoria.. A single endemic 
species occurs in the former lake and two endemic species in the 
latter. 

Since the Cichlids are so pre-eminent among the fishes of* 
Tanganyika, and indeed constitute a. most striking feature of the 
lake fauna as a whole, it becomes necessary to refer to certain 
conclusions which have been drawn from a study of the anatomy 
of these particular forms, bVoni various considerations, such as 
the number of rays, the multiple lateral lines,and the number of 
vertebrag Boulenger (20, p, 2: 25, p. JU.1H) at one lime regarded 
certain Tanganyika, genera as showing features of generalisation. 
.At a later date, however, after a. further investigation info the 
anatomical evidence, hearing on the phylogeny of the group, 
he arrived (28, p. 422 ; 38, p. 43) at a different conclusion, 
and considers the Tanganyika genera, and species as essentially 
specialised. This is an important pronouncement, since if brings 
the case of these fishes into line with most of the other animal 
groups under discussion, in which certain marks of specialisation 
are found to he characteristic of the endemic Tanganyika forms. 

Passing now to the family Amibantkke, a. solitary representative 
{Anahas nmtriei) has been obtained from Victoria Nyanza. I t is 
a. Nilotic type, and its existence here calls for no particular com¬ 
ment.—The last group in the list, that of the Mastaeetnbelidtr, is 
represented in Africa only hy the genus Mastacewbeim itself. 
"Many species are known fiom the fresh-waters of the continent, 
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but ox a tu pies arc Found only in the three hipest of the hikes 
included in this survey, it is interesting to note that while 
there are single forms peculiar to Nyasn, and 'Victoria Hyanzu 
respectively, there are no fewer than seven endemic forms in 
Tanganyika. Hero there is again exemplified in very typical 
fashion the striking nature of the Tanganyika fauna. 

In his work “ The Tanganyika, Problem :J (137. p. 14G) Moore 
has pointed out that, on the whole, the number of different 
animal forms present in any particular African lake is definitely 
proportional to its size, lie expressly omits, in unking this 
statement, the so-called “ halolimnic ’’ forms which he distin¬ 
guishes in Tanganyika, and deals only with what lie calls the 
ordinary fresh-water fauna. Ilegavding a„s inadmissible the 
exclusion of certain forms as “ ]ialolimide, ,> Tanganyika, will be 
seen to far outstrip the other lakes in the number of types, 
represented, hut with that exception, the figures undoubtedly 
do vary in proportion to the size. So extensive a list as that of 
the fishes affords an excellent opportunity for testing the general 
accuracy of this statement, ami a comparison may be instituted 
not only as regards number of species, but as regards number of 
genera, and even families. The results are not dissimilar in the 
three cases, as the adjoining table will show. With the ex¬ 
ception of Tanganyika,, tine lakes are arranged in order of size,, 
from the largest to the .smallest of those under review. 



Tangan¬ 

yika, 

Victoria v- «... 
Nyiuiza. Xva*>. 

Albert Edward 
Nyanzii. Nyanza. 

Kivu.. 

N umber of Species . 

. nr. 

sii G;l 

17 18 

18 

Genera _ 


25 25 

14 8 

0 

'families.... 

. li 

0 7 

0 l 

3 


Having thus emphasised from .many points of view the re¬ 
markable nature of the fish fauna, of Tanganyika, an examination 
into its significance might well follow, As however the matter 
merits a, detailed discussion, and is moreover by no means con¬ 
cerned with the distribution of the fishes only, this must be 
deferred, In this place it is enough to indicate that the evi¬ 
dence points to a period of complete isolation for Tanganyika—a 
period which was long enough for the inhabitants of the lake to 
assume the characters of species, and even genera, distinct from 
those of the neighbouring parts of the continent. This is indeed 
fully borne out by a comparison of the fish fauna of Tanganyika 
with that of the Congo, to the drainage area of which the lake 
now belongs. The striking dissimilarity of the fishes of Tan¬ 
ganyika and the river into which it drains may be illustrated 
by pointing out that of 25 species non-endemic in the Jake, only 
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14 are known also from the Uongo system, and t li:t t. of these 
jtlxmt. one-third are of vary wide < 1 ist rihut i< mi, by no means 
eh:u\acteristio of the (kn^t. 

A tVw linns may now be devoted to a. general sunny of Urn 
.fishes of the other big lakes, for the purpose of pointing out- any 
(dmracberistic features and a-Hording a. ground of comparison with 
Tanganyika., 'll has already been soon that Victoria, Nyanza, 
while containing representatives of nearly as many families as 
Tanganyika, contains a much smaller number of species. Wry 
few endemic genera, are foil in] in the lake, hut a considerable 
number of endemic species occur, especially among the (!iehlMa\ 
]t ma.y also be noted that .Lake Victoria shows a larger number 
of Mormyrids (including two endemic types) titan does Tan¬ 
ganyika* Again, as regards tin* Uyprinidn*, ibis lake is richer in 
forms, with 11 endemic species mostly belonging to the genus 
Harbitft, while the Anabanthhn is represented hero alone. 
Speaking generally it may he said, that although now one of 
the sources of the Kile, only a. small proportion of its fish art* 
found also in that river, so that there are good reasons for sup¬ 
posing that Victoria. Nyauza. was also isolated fur a. certain 
period, and only included in the .Nile basin in t imes, geologically 
speaking, recent-, Meanwhile it is clear,that the modiliraiions 
of form which exist are noli comparable in import-cnee to those 
occurring in Tanganyika, hut go to prove Mint the lake has a. 
peculiar fish fauna., not closely related to that of either Nile or 
-Congo. 

Nynsa, having a lesser area, shows something of that decrease 
in number of types which is related to the smaller size of the lake. 
Nevertheless it* still contains more Cyprinidn* and iMormyridm 
than Tanganyika, and it is relatively rich in Cicldid fishes. Of 
the latter there are indeed live endemic genera, yet out of a total 
of b<S species, 27 belong to the two genera THaphi and /V//v.i- 
Ijhiphi, which a,re of very wide distribution. Thus, although 
Nya-sa. possesses a. tisb fauna which is in part peculiar and 
characteristic, it has a. far less striking assemblage of forms 
than Tanganyika, or even than 'Victoria. Nyme/.a, While it is 
probable that a period of isolation favoured, the production of 
species peculiar to Nya-sa-, it is nevertheless dear that its fishes 
belong essentially to the Zambezi river system, and do not differ 
from those of that river to the same (extent as do the lush of 
Tanganyika, and to a less degree of Victoria Nyun/a, from those 
respectively of the Congo and the Nile. 

Bpeaking of the fishes, it may therefore be said that each of the 
three largest lakes contains a group of forms peculiar to and 
characteristic of itself. These forms differ from the fish of the 
rivers which drain the lakes, hut not to the same degree in each 
instance. Nyasa exhibits a number of types which are not found 
in the Zambezi, and Victoria Nyauza. a larger and more diver¬ 
gent series of forms which are not found in the Nile; but in 
these cases the differences arc for the most part only specific. 
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Tanganyika, however, is the extreme, ease, where not merely 
specific but; generic distinctions occur, end a remarkable fish fauna 
exists which bus very little in common with the fishes of the 
Congo, and which, moreover, 1ms no parallel elsewhere. 

Albert Nyan/a is the only lake of those under review winch 
does not contain a single endemic species of fish. The family 
►Silurhhe is best represented, with 7 different forms, belonging to 
h different genera, but these are without 'exception, well-known 
-Nilotic species. Very few (Jichlid fishes are found in the hike, 
the most interesting being Petroohronm cmdersonii , a Tanganyika 
type, the existence of which in Lake Albert needs confirmation* 
With this exception, and with the exception of Alesies macro- 
phthidmns, a Congo-Tanganyikn, type, the occurrence of which in 
the lake is also rather doubtful, the whole of the fishes belong 
essentially to the Nile system, of which the lake is thus shown to 
be an integral part. 

Lake Edward, which lies further south, but is similarly in 
direct connection with the Nile, is nevertheless not without types 
peculiar to itself. Two endemic speces of Barbus have been 
described, and one of Clarices . The Oichlhhe are well represented 
here with 12 forms, 3 of which, including the genus Bchuhotzia, 
are endemic. While the greater number of the fishes are either 
Nilotic types or are peculiar to the lake, there is a series of 
(5 Oiehlids which a,re common to Lakes Edward and Victoria and, 
a,re not found elsewhere. This is a rather unexpected state of 
affairs, and if; is by no means easy to account for the association, 
since the hikes do not communicate in any way. It may be noted 
that in Lake Edward tiie total number of genera is reduced to 
eight and the number of families to four. 

Dealing lastly with Lake Kivu, the smallest Like is seen to 
contain the smallest number of different species of fish. Yet 
oven here an endemic species of Barbus and two endemic Oiehlids 
occur. Apart from these, the ilsli fauna gives indications of 
being considerably mixed. Three species belong clearly to the 
Nile group, while reference has already been made to the two 
forms of llaplochromis found in Lakes Kivu and Edward only. 
On the other hand, two fishes are found in Kivu and Tanganyika 
only : a third occurs in Tanganyika and the Jlusisi Liver which 
(1 rains bike Kivu, as well as in the lake itself. The two remaining 
types have a wider distribution, extending into West Africa.. 

in works dealing with Geographical Distribution it has long 
boon recognised that undoubted affinities exist between the 
animals of Southern Asia—and of the Indian Peninsula in par¬ 
ticular —and of East and Central Africa. W r hile evidence of this 
is more marked in some groups than in others, clear testimony 
as to the general truth of the assertion is to be gained by a study 
of certain families of fishes. Of the families under discussion, 
it is pre-eminently the Cyprinid© and Mnstacembelida* which 
exhibit this affinity in a striking degree. Among the Cyprinhke, 
various genera are common to India and Africa, and a close 
Phoc. Zool, Boo.—1920, No. XXXVI. 36 
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relationship is sometimes recognisable even between species, The 
genera, found in the African lakes which best exemplify this 
relationship, are Labeo, f)ixnoifnat/tH,% and Barbus (ol the group 
allied to Barbus bj/nni), Ataslacemhelux itself is Mm only genus 
of the M'astueemhclkho which occurs in Africa, but it is also well 
represented in India and the Malay Archipelago. This ea.se is 
specially interesting, since the genus was atone time considered 
quite characteristic of the Indian region, yet at the p»v;sent day 
an even larger number of forms is known from the continent ol 
Africa. 

tinmniai 7 /.—-The lakes of Central Africa contain a large and 
interesting assemblage of fishes. The. bigger lakes as a. rule p<>ssess 
more forms than the smaller, but while Nyasa and Viejorin, 
Nyanza each possess an extensive fish fauna, Tanganyika can 
show a far larger number of types. In.Nyasa.aud hake Victoria 
a considerable percentage of those types are endemic, but. this is 
more strikingly the case in Tanganyika, where indeed not merely 
endemic species, but a very exceptional number of endemic genera 
are fount!. Of the 12 families winch are represented, interest, 
centres in particular on the (Jichlidie, which are very promi¬ 
nent in a.ll the lakes except Albert Nyan/a. A. large proportion 
of the Oichlid species are endemic in the lakes where they occur, 
the extreme case being that of ,Tanganyika, whieli, with 81 
endemic species and 21 endemic genera., possesses the richest 
Oichlid fauna in the world. There are reasons for believing: that 
these remarkable endemic (Jichlidm show signs of specialisation. 
An explanation of the unhjue fish fauna of Tanganyika is 
probably to be found in a period of complete isolation of that 
lake: it is possible that isolation for a. lesser period has produced 
an effect in the cases of Victoria Nynmvt and Nya.su.. The fishes 
of the families Oyprinidie and Masta.cembelhhc in particular 
exhibit indications of Afro*Indian alfunties such as are displayed 
by other groups of organisms. 


Podyzoa. 

The representatives of this group, as far as hake Tanganyika, 
is concerned, are of particular interest. This is due in the first 
place to the fact that while examples of the I diylactohemata were 
quite to be expected, the latter are accompanied in Tanganyika, 
by two species of Gymnolannata, the members of which are, with 
few exceptions marine. It is also true that the gymnohciuatons 
form which was first discovered by Moore (137, p. 2Oft) has a, re¬ 
markable resemblance to the marine genus ArtwhiMhm, With 
the exception of this type, which Moore named Amehmuha 
the species from Tanganyika, were all obtained for the first time 
by the author during the Third Tanganyika Expedition. 

# I follow Aimaudale (7, p. IDS), and I farmer (90, p, 60) in adopting Arnett- 
noidea as the correct spelling of tins generic name, which Moore originalb wrote 
Arachmidia, 
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Tt(J)U of hhilrihiUioib of Polygon f. 


Name of Species, 

Tangau- Victoria 

Albert'. 

Ed wiird 

Other parts of 

yika, Nyamm. 

Nyan/m. 

Nyair/m. 

the world. 

Oiilnr tivMNlM./O AT.V. 

VictoreHu symhiotica. 

Ef 



Picket Qarun 

Arnehmmlea, ray-Iankostori.. 

Order PllYLACTOr.KMATl. 

Erederieella euuniugtoiti. 

Plmnntella repens. 

. E 

. E 

. P P 

P 

P 

Cosmopolitan. 

„ emaeginatu .. 

. ... P 

V 

P 

Cosmopolitan. 

„ (AFriiidclln) 

tanganyikm ... 

P 



India. 


0 species.a E 2 V 2 P 2 P 2P 


Tho above table illustrates ail interesting feature of distri¬ 
bution, parallelod in the case of other organisms, where one or 
more than one almost cosmopolitan species occurs in Tanganyika, 
associated with a larger number of endemic forms. Plnmaklla 
ripens, a form with a most extensive range, is represented in 
Tanganyika as well as in Lakes 'Victoria, Albert, and Edward, 
while the closely related P. emarfmaia is found in the latter 
three Lakes, but has not been recorded from Tanganyika. The 
ease of l\ (Afrhuldla) kmyanyikm is of considerably more interest, 
for it was originally described as P. ianyanyikm by Roussel eb 
(149, }>. 2b2) from material collected by the Third Tanganyika 
Expedition. It was at that time believed to he peculiar to Tan¬ 
ganyika, but Amiandale (5, p, 225) subsequently referred to this 
identical species, specimens which he obtained from Igatpuri 
Lake in the Western Ghats, Bombay Presidency *. Still more 
recently (8, p. 140) the same author established the subgenus 
Afnnddla to receive the species, indicating in the name the 
striking feature of its distribution. The absolute identity of 
forms from Tanganyika and from India is a most remarkable 
instance of i.hostwAfro-Jndian allinitios to which reference has 
already been made*. 

The remaining phyla,etohimmtons form, FmlwmUa mmiimj* 
lon^ has sutlieumtly marked peculiarities to distinguish it from 
the well-known IP sidtmut , which has an almost world-wide 
distribution. The former is confined to Tanganyika as far as is 
at present known. 

Among the great lakes of Central Africa,, Tanganyika alone 
has been "found to contain representatives of the GynmoUemata. 

f For Ascription*! of most of these species uml remarks on distiibutum, see the 
report by Uousselet on the Polygon of the Third Tanganyika Expedition (149). ( 

* Tho'f. specimens he at first named 1\ bomba f/emis (4, p. 109) —a species after¬ 
ward# discarded. . ..... 

t A table of African and Indian Polyzoa is given by Anuandalo in Ins paper on 
the resemblances between African and ludiau fresh-water faunas (10, }>. 682 ). 

3G* , 
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The well-known genus Ylolordla, essentially a brackish and hvsli- 
wmtor genus, is represented by Mm form V. n/mhinhott, a. species 
found associated with and growing through tin.* sponge Xptwtjitta 
tamjaibi/ika',. During sin <*xj>o<!ihiun more recently undcriakon to 
the Birkot Qarun in Lower Egypt, on which I wax accompanied 
by (J. L. Boulenger, further specimens of a gymnohemalous 
IVdyzoou wore collected, which wen* submitted to Housselet for 
examination. No definite report on those lias been received, hut. 
some of this material liasevident.lv been transmitted hy Rousselet 
to other writers on the Polygon, for Annandale (7, j>. 10/) records 
his belief from an examination of the specimens, that the ()arun 
species is identical with 17 dorollu ajpMoilm from Tanganyika. 
Braem, on the other hand (53, p. 33), whilst, nlimning Mint, t.he 
forms F. ('ontiumtali*, 17 henyalnm ,», ami that from the (Janni 
have close affinities with the European 17 panda, assorts that 
Itousselets 17 symbiotic* (> atis dem Tanganyika..,, dureh 
einen ahweichenden Ban des Darius ausserhalb dieses Kreises 
st.elit J> (loo. ciL p. 34). 

Be this as it may, there is a further matter concerning this 
genus which demands consideration. The view generally held 1>V 
specialists on this group has been that Vidurello only recently 
migrated from the sea into brackish and fresh-water. Braem, 
however (53, p. 34), in the light of tin* Qarun specimens and the 
species he describes from an inland hike in Turkestan, declares 
his belief that on the contrary the genus is one which primil i\ ely 
adapted itself to fresh-water conditions, and that the specimens 
in question are “ relief '’ forms, lie considers that the existence 
of the genus in Tanganyika further strengthens his supposition. 
Since Tanganyika hn.s been claimed hy Moore as an undoubted 
u Ihdiktensue,” the true nature of this Bolyzumi genus be¬ 
comes a matter of some importance, Further light is fortunately 
shed on this problem by the recent discovery hy Harmer (99, 
p, 45), in the Sihoga material from the I hitch blast Indies, of a 
truly marine species of YidonUa. The usual view would thus 
.seem to he definitely supported, and Mm existence of 17 nyw 
hidim in Tanganyika, while of considerable internist, would not 
tend to prove the occurrence in the lake of an ancient marine 
fauna. 

The second gymuukuma.Ums typo— Amnhumdm my-ton/wHlm 

-.is certainly the most remarkable form from the African fresh- 

waters. .Despite recent discoveries, it remains one of the few 
instances known of a fresh-water intrusting gymnolmmufous 
Polyzoon, and is of peculiar interest accordingly *. In con¬ 
sequence of its undoubted, resemblance to the 'marine genus 
Amchiidmm, to which reference has already been made, Moore 
(137, pp. 330, 332) regarded it as an important member of that 
group of primitive marine forms which, he contended, still exists 


* Another genus is Utshpia, 
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i'll Tanganyika. Quito a different conception now suggests itself, 
in vicwol. him recent description by I [armor (99, p. 5(i) of another 
speck s belonging to this genus collected by the Sihoga Expedition 
in the Straits of Makassar. No one would have ventured to predict 
that Moore’s genus would be found to have a representative still 
living in the sea, hut the discovery shows that, as in the case of 
llrt'OreUtfi, the Tanganyika species lias affinities with a present- 
day marine type and not problematical affinities with marine 
Poly/.on. of a past era,, it may he pointed out that a further 
instance of Airo-Indian associations is afforded by the (hiding of 
this species of Araeknoldm in East Indian seas. 

A piece of negative evidence of some interest, but to which 
perhaps no great importance need be attached, is the apparent 
absence of Polyzoa from Lake Kyasa. It is admittedly a fact 
that these organisms are small and inconspicuous, and little 
likely to attract the attention of any but skilled naturalists; 
moreover, their distribution in the African lakes lias in some 
cases been merely deduced from a discovery of their sessile state- 
blasts. On the other hand, Nyasn. has received a, considerable 
amount of attention from a trained observer in the person of 
.Prof. Fulleborn, and it is certainly strange that (so far as I am 
aware) lie collected no representatives of this group from that 
lake. 

.Polyzoa are also unknown in Kivu, where Schubotz states he 
was unable to discover them (156, p. xiv). This is less surprising 
on account of the unusual salinity of the lake. 

Mollusc a. 

It is a task of exceptional difficulty to give an accurate account 
of the mollusean fauna of the big lakes. This is in a large 
measure duo to the work of the late J. It. Bourguignat, who 
described a, very large number of types, n considerable but varying 
proportion of which have not been accepted by other authorities. 
Prom Tanganyika alone, Bourguignat described no less than 242 
species and to this total must be added a number of species for 
which other writers are responsible, yet in the opinion of some of 
the principal specialists the number of different mollusean forms 
living in that lake is very much smaller than the enormous total 
which has been credited to it. 

The great interest attaching to certain Tanganyika molluscs 
owing to their remarkable marine-like appearance has already 
been referred to, and on account of this, it is the more to be 
regretted that both genera and species have been unduly multi¬ 
plied. and that a generally accepted list of forms from this lake is 
not available. In writing a paper such as this, it is necessary to 
compile a definite list, and in doing so, I have followed more 

# Speaking generally it may he md that Bourguignat and Iris school, t of which 
'Locard was the principal exponent, elevated apccies into groups, and vam>tk*y imo 
species, ' 
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particularly the account given by Kdgur Smith (170 i, who hod an 
unusual opportunity tor Ihe systematic study <»{ Alrican Ircsh- 
water shells. 

To a lesser decree, the kt species making ’’ of Pourguignat has 
iilrofiiet! the lists of moilusca, from l.luis otlmr 1 >1^* hikes of Africa, 
and in making a, selection of forms to he retained and tonus to 
he rejected, i. hn.ve no doubt nct<1 arbitrarily. There is no 
need to enlarge upon this point, hut while all the lists have 
been carefully considered with a, view to the elimination of 
synonyms, they must betaken merely as the, writers expression 
of opinion. It is only necessary to emphasise that while finality 
in surds a matter is always impossible, it is especially so in the case 
of the Moilusca. 

.Although the mmdser of genera, ami species to he inelmled in 
the fauna, of Tanganyika, may he a. matter of opinion, there are 
certain striking facts which remain undisputed. Firstly, it is 
only among the (lastoropods that species described as thalassoid 
are to he met with ; that is to say, all the PamdlibranchNare non- 
thalassoid. Secondly, while there are a. number of non “thalassoid 
Gasteropoda known to live in the lake, there arc more than lev ice 
as many which are considered to show a. thalassoid aspect. 

The arrangement of the families a,ml genera, which has been 
adopted is, in the main, that given hy Pclseneor (Treatise on 
Zoology, Ed, hy Lankester, Part V. Moilusca). 

Gasteropoda, 

11 has more than once boon emphasised that, the < in,sternpoda, a.re 
among the most remarkable of the peculiar animal forms which 
inhabit Tanganyika. In the adjoining fable of distribution, a list 
is given for each of the lakes under review, of those species which 
appear to be admissible. This list readies a total of IX! in all, 
and it is evidence of the unique position which Tanganyika holds, 
that 84 of these forms ain recorded from that lake, 7b of them 
being unknown elsewhere, Of those endemic Tanganyikan 
species, the great majority were described by Bmirgmgnat and 
others as thalassoid and alternatively by Moore as Imloltmnie 
{<■/• p, SI7). .It has been thought desirable, in view of the special 
interest attaching to these types, to mark with a * all the gemma 
which have been so designated Perhaps it is well to explain that 
none of the species belonging to genera which occur elsewhere 
have been described as thalassoid by the cnnchologists, though 
this does not mean that all the endemic genera, are necessarily 
thalassoid in aspect, there being a notable exception in the case 
of the genus Nmtlmmia , 
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Table of hklrihalion of Umioeopo ikt. 


Name of Species. 

Tanga a- Victoria 
yika, JNyauza. 

X1 Albert Edward 

■ filia Nyany.li. Njuimi. 

,r. Other parts of 

K!VU - tie world. 

Family Ymmuumi;. 

VivijumK constrict,im . 

„ eoslulatus . 

„ find .. 

... ... E 

. K 

K 



„ nu’ta. 

. K 



rubieundus . 

,, nuieolor . 

,, P brim'llt.isuius .. 
NeofJimuua taugiinyicimse 
rienpatm emini . 

. 1' 

. P 

... E 

Gen. K 

P 

P P P 

E 

... It. Nile. 

... Egypt, E. Africa. 

„ guillemet! . 

„ junberti . 

„ pirotli i. 

„ trisuleufu. 

■ :i Briil<mxia giramli. 

... p p 

... E 

e 

... Gem E 

P 

... E. Africa. 

... E. Africa. Abvs- 
[sinia 

.Family Am i‘ULr,Aitn 

Ampullarm hridouxi . 

„ gurdoni. 

... E 

. K 



„ uTiiiiata. 

,, letourneuxi ... 

„ nyamm. 

::: p 

. E 

P . 

... E.Africa? 

... E. Africa. 

o vatu. 

,, speciosu. 

„ siuhlinnuni ... 

Lunisios dliptims . 

„ joniiarti . 

„ nvassanms . 

P P 

. P 

E 

P ... P 

P 

P P 

P . 

P . 

... Egypt. E. Africa, 
... E. Africa. 

... E. Africa. 

... E. Africa. 

... Nyasahuul. 

„ nli vacuus . 


P 

... \i Africa. 

,, ovum . 


P . 

... E. Africa. 

„ pivrpiuvns . 

wliweinfurthi ... 

,, sinisti'ursuK . 

Ojerovu bourguignuti ...... 

E 

... P 
... Gelt. E 

P . 

... E, Africa. 

... E. Africa. 

Family !h minim,mm 

: 'Kpekia zonula . 

:! Tiui!.*:an ( \icin nii'niiiosa. 

^ Gtimelln m,‘Hi monies . 

“Slanleya 'jsii'iiuili . 

,, nilumlala .. 

... Gen. E 
... Gem E 
... Gum F 
... Gem F 

E 



„ Ktntiliintm . 

Mannmit'nohus thomsoni 

■'I'hvira kirkii... .. 

Eithyniu nlborti .. 

M hunierosa . 

„ mullisuleul.it. 

„ sfank'vi. 

„ wnlleri .. 

... E 

... Gem E 

Gem E 

!'.! p 

.... E 

P P 

P ... P 

E 

E 


• ^ynmlopsis enrinifVvn. 

,, Imntftlritt . 

GemK 
.... ' E 



f Additional particulars and bibliographies will bo found in von Martens’account 
of Fast African forms (110) und Smith’s review of the Mollusca of Tanganyika 
(170). There have been hut few additions since the dates of these \ apers, 

*• Geneva described as thahssoid, 
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Name of Speeiea. 


Tangaa- Vioiui'iii 
yika. Nyanza. 


Alhci’l. Ki I wai'd 
Nyaii/.u. Nunr/.a. 


< Minn* jiiirls < 


Family Tjaridh. 

Tiara I) admiral»ilis ... 

„ areuatula. 

„ iii’icmcta. 

} , uodicincta ... 

„ iiyjwsanit . 

„ pevgraeilis ... 

„ polymorplia... 

„ pupilbnnis ... 

„ simonsi. 

j) tangniiyieensis 

„ tubmudata ... 

„ turritispira ... 

^Giramlia foai. 

,j grtiiiilidieriaii! 

„ horei . 

„ liivigeriana 


„ pmoiara. h 

j, quiutana . E 

„ tunganyicensis.K 

#Locliaptoisia ponaoubyi . Gon. E 

*ltartoiiilk terebrifomus. (Urn. E 

*Jiaizea giraudi . Gen. E 

„ leueoruplie. E 

♦Ancnya admiramlw . (ion. K 

s, giraudi . E 

„ rufocincta . E 

# Bythoeeras ividesmis . (ion. E 

„ minor. 35 

# Paumteluniii bridouxi . Gon, E 

„ wusignumlnta.. E 

„ damoui . E 

# »TouI>ortin baizwina . Gen. E 

„ spinnlosa. K 

sbuilttymia.. K 

•Eiavigwia callmta... Gen. E 

ft eombsa.. E 

n oimmata . E 

n diiulomafca .. E 

„ grundiK. E 

„ jouborti.. E 

n pereximia. E 

M vuellamana. E 

•Ramlalmlia natosin .. U,*». B 

„ T ,. », itinnyana . E 

f Edpna kmrguignnti . Gnu. E 

, } aimilabm. E 

h lecltaptoisi. E 

„ MSKlt . ( ' }) 

ji pttueicnstata." E 

» roynmndi ..’ ]<) 

JS fiingnlariw . jj 

, 5 tiavella .. e 

}» variabilis. [['”][' jj 

•Hirtlria globosa.Gen. K 

„ lifctorina E* 

Family Tiphobiid28. 

*Tiphobia horei . Q eit( jj< 

# Bathanalm bowed GemE 


India, Malay IVn, 


16 Genera dwTibed hm thalassoid. 


|| Olifp Melanin, 
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Name <»!’ Species. 

Tangan¬ 

yika. 

Victoria, 

Nyanza. 

Nyawa. 

Albert 

Nyanza. 

Edwiirfi 

Nyanza. 

, Other parts of 
k,vu - the world. 

Family Ijimn.kid.h. 







Limnaui nutalcii.sis . 

.. P 

p 

P 



... Natal 

HViUlSili . 


E 

V 





„ undussmiia! . 




P 

... E. Africa. 

Isidore eoulbnisi . 

K 






„ forskali.. 


p 




... Egypt, Natal, 

[Angola. 

„ nyassmiu . 



io 



„ nuulabeli .. 

... 15 

p 




... E. Africa. 

„ sucoineoidfts . 

„ tnuisversaiis. 

trijgomi . 

. 

E 

E 

E 





Pli vsepsis ufriciiita . 



p 



... E. Africa, Natal. 

.., E. Africa. 

j, ovoidea .. 


V 




„ tanganyic!e.. 

E 






Family Pr.ANomiiox 







Plmmrbis ado won sis. 

P 





... Abyssinia. 

j, ulmmlnua . 

,, apm’fcuH. 

P 


V 


E 

... Egypt. 

„ bridouxiann . 

K 






„ clmmuunpluilus , 


P 


... 

P 

P 

„ cmwfordi . 


P 




... Cape Colony. 

„ gibbonsi .. 


P 


P 


... E, Africa. 

„ lamyi... 

„ lavigeriiunw. 

„ monceti. 

„ stanleyi. 

B 

E 

E 



E 



„ Rudiuiicus. 

„ victoria 1 . 

P 

P 

E 


P 

P 

... R, Nile. 

Family Anciylidai. 







Ancylus stuiihnanni . 


E 





,, taiiganyicensis 

!! e 






8 families . 

.. IK,71b 

IV, 

61*. 

5P. 

OP. 

2P. 

115 genera. 

... 2415,11 P. 
(85) 

UP. 

»P. 

6P. 

OP. 

2P. 

I ttM . 

... 7(1 H,Hi’. 

11K.17P. 

10 E,141*. 

4K.9P. 

1)5,91’. 

2P, 


(Mi) 


134) 

(13) 

(10) 



A list such as this, with 138 species, requires a somewhat 
detailed analysis to bring out the points of most interest and 
importance, although, indeed, the tabular form reveals the excep¬ 
tional nature of the Gasfceropod fauna of Tanganyika. In the 
first; place it will be noticed that no less than 84 species are 
recorded from Tanganyika, which is clearly an exceptional number. 
That this is so, is shown by a comparison with the known fauna 
of the two lakes which come, nearest in size, for Victoria Nyanza 
can muster but 28 forms and Nyasn only 24. Thus Tanganyika 
contains three times as many Gasteropoda as Lake Victoria and 
more than three times as many as Nvasa. 

Secondly, be it observed, that of the 84 Tanganyika species, no 
fewer than 70 are endemic, while correspondingly only 11 out of 
28 are peculiar to Victoria. Nyanza and TO out of 24 to Nyasn, 
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Of t.lu% siuaJltM- lakes, Albert Nyanza. has 4 endemics out of a total 
of 1.4, Edward Nyun/,a. 1 out <>f 10, while Kivu only contains two 
species, neither of which is endemic. In other words, limn* hum 
1)0 percent., of the forms in Tanganyika are only known from that 
kike, while Victoria. Nyanza. has 01) per cent. of endemic species 
and Nyasn. some 41 per cent. 

In tke next place it must he emphasised once more that tin* 
greater number of the endemic species of Tanganyika, are iypes 
which have been described as thalassoid -58 out of 70 belonging 
to that category. Thus there a,re more than three times as many 
thalassoid as non-thalassoid endemic species, actually some 70 per 
cent, having Ibis characteristic appearance. .13von when the non¬ 
endemic forms are added to swell the total, the shells inning this 
marine aspect outnumber the normal scries by more t han two to 
one, there being respectively *08 and 20 species. 

The figures which refer to the genera, are even more arresting 
than those which have been dealt with. Tanganyika alone con¬ 
tains one or more representatives of each of the .15genera mimed 
in the table. The number of genera, represented in Lake Victoria 
sinks to 11, but it is significant that this is due to the absence 
from that hike of the large total of 24 genera which are peculiar 
to Tanganyika. Of tin's total of 24, 28 are regarded as thalassoid, 
the single exception being the genus Xvothauma, as already 
mentioned. Apart from these endemic genera., both Tanganyika 

and Victoria contain species belonging to the same 11 genera. 

those of the u normal African fresh-water fauna” to adopt, 
Moore’s term. It is interesting to observe that while 2H species 
of these less specialised genera (including 11 endemics) occur in 
Victoria, Nyanm, 25 (including 17 endemics) are found in Tan¬ 
ganyika. Lake .Nynsa with 0 of these ordinary fresh-water 
genera, comes next, and the other lakes follow with still smaller 
numbers. No endemic genera are to ho observed outside Tangan¬ 
yika. If is thus clear that, over and above the representatives of 
certain well known fresh-water genera,, there is, in Tanganyika, 
a whole series of unique Gasteropoda which are not represented 
elsewhere. 

Ik may not he unprofitable to institute a comparison with the 
group of the fishes, in which alone so large a number of undentie 
genera is known. Tanganyika contains 25 endemic genera, of 
fishes, as compared with 24 endemic genera of (kisteropods, hut 
whereas with the fishes there are in addition 29 non-endemic 
genera represented, there are only 11 non-endemic genera, of 
Gasteropoda, Again, among the fishes there are a few endemic 
genera fount! in the remaining lakes, while this is not the ca.se 
with the Gasteropoda The comparison serves to show that while 
the actual numbers both of genera and species are less in the 
group now under discussion than in that of the fishes, it affords 
quite as conspicuous an instance of the peculiar characters of the 
Tanganyika fauna. 

The table of distribution already furnished now calls for more 
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detailed examination. Aimm^ the Viviparidm, Vied] tar an itself 
is represented in Tanganyika, only by two (ont^ doubtful) endemic 
tonus, in Lake Victoria there is a, series of f> forms, 8 of which 
are peculiar to its waters. St is noteworthy that the widely dis¬ 
tributed species 7 . f trine tunlas and T, tuiicolor have not been 
obtained from Tanganyika, The genera. Xeoihmima and Bridotuvut 
are. of more interest, since they are entirely confined to Tan¬ 
ganyika.. The latter gen ns has been regarded as exhibiting a. 
thaiassoid Facies. Each is represented by only a. single species. 

The family Ampullariida* contains representatives of the well- 
known genera Ampullteria and IanIstes in addition to the 
thaiassoid genus Leroy a from Tanganyika.. Only Victoria, 
Nyanm end Tanganyika possess endemic forms of the two first- 
mentioned genera, the remaining species— especially Ahtpidlarta 
omta —having a. wider distribution. Lake Victoria will he seen 
to have live species of AwptriBiria, Nyusa a similar number of 
Ixinistm. The latter genus lias not been recorded from the 
smaller lakes. 

A huger number of genera, several of great interest, are asso¬ 
ciated in the family Hydrobiidae. Bithynia * alone among* the 
genera, enumerated is found outside the confines of Tanganyika, 
but fdie species on record from the lakes have not been found in 
other parts of the continent. Of the thaiassoid types, Slmthya 
is represented by 3 species and Byn\wlopfth by 2. Chytra and 
JAninolrochns , as the name of the latter indicates, are forms in 
which the shell is suggestive of the marine genus Troehus, 

'the genera belonging to the family Tiarhke(formerly Melaitiidse) 
form by far the largest assemblage in the list under consideration. 
Thirteen, genera are represented, but here again only one of them , 
the type-genus Tiara itself (perhaps better known as Melania) is 
of wide distribution, the remainder hieing thaiassoid forms found 
only in Tanganyika. The. latter lake contains three species of 
Tiara , two of which are endemic; Albert Nyanm contains one 
endemic a,s well as one non-endemic species, while Nyasa contains 
a remarkable series of nine different types, seven of which are 
endemic. It, is interesting to note that Tiara Inhere*data, which 
has a. wide range in Africa and extends into India and the Malay 
Archipelago, is the only one of the 1113 species enumerated which 
occurs in all the lakes included in this survey. There is little 
need for comment on the. remaining genera in this family. They 
contain the greater number of those types of marine aspect which 
are so remarkable a, feature of the Gasteropod fauna of Tangan¬ 
yika. Certain of the genera are, however, represented by quite 
a number of species, notably Edgaria by 9 species and (JimmUct 
and Larigeria each by 8. 

Under the family name of Tiphobiidse have been associated the 

* A speck* of Blthimia is stated by Moore (187, p. 129) to occur in Lake Kivu, 
I believe no specimens have ever reached this country, and in view of the negative 
evidence which the visit, of the Oerman expedition to the Eke affords, I regard the 
record as of doubtful value and have intentionally omitted it. 
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genera, Tipkoh'm and. Hallantnl i<r. which am among the nmsl. 
striking of the thelassoid forms IVom Tanganyika. At pivsont 
this remains the only example of an endemicfamilyeharaeteristie 
of tha.t lake. 

The representatives of the three remaining families are all 
well-known fresh-water genera, and do not oiler much of interest* 
on 'which to comment. Of the Linmamhe, specimens are on 
record only from the three large lakes and Lake Ldward, which 
is rather surprising as the group has a. wide distribution in 
Tropical .Africa,. Limn out uata/rasix is the most widely distributed 
species, being known from Tanganyika, Victoria, and Nyasa, as 
well as from Natal. The families Hanorbidm and Aneylhhe are 
each represented by the type-genus only. Thirteen species of 
Planorbis are enumerated, of which Tanganyika, contains the 
largest series, viz. 7 forms, 4 of which are endemic, [n Nyasa, 
it is strange to note, only a single widely distributed species 
has boon found. The form of commonest distribution in the 
lakes is P. which occurs in four of them as well as in 

the River Nile. Turning to the Aneylida\ it will he seen that 
an endemic species of Aum/Im is on record both in Tanganyika 
and in Lake Victoria. No specimens have been observed in the 
other lakes, hut. they may have been overlooked owing to their 
small size. 

It is not unreasonable to refer here to the suggestion already 
cited in the section dealing with the fishes (c/1 p. 555) that the 
number of different animal types living in a lake is directly 
proportional to its size. The figures for the (Gasteropoda are 
sufficiently large to afford some evidence for this contention, and 
they are accordingly given in the following table, which records 
the number of families and genera, as well a,s species: - 



Timgam 

.vita. 

Victoria 

Nyaw/.a. 

Nyasa,. 

Albert 

Nyimza. 

141 ward 
Nyanza. 

Kivu, 

Number of Species .... 

. 84 

*38 

n 

13 

10 


„ Genera .... 

. 85 

U 

9 

ft 

« 

4» 

„ Fumilies.... 

8 

7 

6 

r> 


O 


it will be seen that Tanganyika, with its admittedly unique 
fauna, is in a category by itself, but the remaining hikes, which 
are arranged in order of size, form a series with decreasing totals, 
and thus support the general truth of the assertion. 

The distribution of tlm (Gasteropoda, in the hikes may be sum¬ 
marised in a few sentences. Tanganyika, containing 84 species, 
of which 70 are endemic, is altogether exceptional and is prin¬ 
cipally characterised by a remarkable series of marine-like or 
thalassoul forms. , While the latter are. not confined to one 
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Family, May belong mainly to tliat of tin.*. Tiarhke. Tanganyika 
is 1.1m only lake of Mm,so. under review which contains represen¬ 
tatives of all the ^oimni, enumerated in the table of distribution, 
— Victoria Nyanza, with a, fat* smaller number of individual forms 
(28), can nevertheless show quite a comprehensive series of the 
normal Fresh-water types, each of the genera, being represented. 
The thalassoiri genera, and species are conspicuously absent.— 
.'Nyasa, with only slightly lower figures (24), does not differ very 
markedly from .La ke Victoria.. The genera Cleopatra and Ancylus 
are rmrep resen ted, hut the lake is rich in species of Lauistes and 
Tiara , especially the latter, of which !) forms (7 endemic) are 
known.—Albert H’ynnza and Edward Hyanza. exhibit a progressive 
reduction in the number of species which they contain, but 
otherwise possess no outstanding features.-—Lake Kivu, finally, is 
the extreme case, with a very reduced Gasteropod faium. Of the 
two species which are known from its waters, Tiara tubesculaia 
is the more widely distributed, it being in fact the only form 
enumerated which has been found outside the continent of Africa. 

It was in the first degree the Gasteropoda which, constituted 
Moore’s argument for a halolimnic (i.e. relict) fauna living in 
Tanganyika side by side with types which are common in tropical 
fresh-waters. .11 is thus necessary to consider whether the balance 
of evidence is still in favour of the views regarding these Mollusea 
which Moore originally expressed. He held that the peculiar 
forms in question were essentially primitive types, and after com¬ 
parisons based on their anatomy he stated :— k< It is difficult, or, 

1 may say, impossible, to view these extraordinary molluscs as 
either the forerunners or the derivatives of the fresh-water 
molluscs which wo find in the Jakes and rivers all over the world 
to-day. They are, however, readily intelligible if we regard them 
as the forerunners of several marine groups, such as the 8trom- 
hidm, the Naticas, and the early Ciriths, to which 1 ha ve referred 
(135, p. 40(5). 

These statements did not go by any means unchallenged, i,un¬ 
did the. astonishing suggestion of a resemblance between some 
species and certain Jurassic fossil shells. Edgar 8mith, in his 
important paper on the M.ollusca of Lake Tanganyika., pointed 
out that Moore’s conclusions were drawn from a study of only 1) 
out of 23 so-called . halolimnic genera, adding that it became 
u mere conjecture ” to suppose a relationship with marine forms 
on account of the appearance of the shell (170, p. 78). As 
an expert eon otologist, 8 mi. tit dealt unfavourably too with the 
supposed resemblances to Jurassic fossils. The matter was 
approached from the geologist’s standpoint by Hudleston, who 
had made a speciality of Jurassic Mollusea (102). In a com¬ 
prehensive paper on the origin of the halolimme fauna of 
Tanganyika, he failed to find evidence of a satisfactory character 
in favour of Moore’s views. In an appendix, Hudleston also 
dealt seriatim with the comparisons between living and Jurassic 
Gasteropoda, only to reject likewise Moore’s conclusions. In a 
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discussion on ’bills topic ni» i.f 10 I British Association \hvtmg in 
BMJ(> (183), Moon* expressed loss extreme views, while INiiseiieer, 
#pttliking with a whler knowledge of the anatomical characters 
of these molluscs, asserted positiveiy that thorn vas no ,spi end 
resemblance between them and marine typos and 'Unit they worn 
no more primitive than other well-known fresh-waier genera 
(144). 1 Ylscueer added (.hat tho halolimnic < lastempuds woe ail 

to be regarded as belonging to the Melaniid;c (Tiaruhv) or families 
nearly akin, in which case they belong to an essentially Fresh 
water group. If tins ho indu'd a, Fact., Moorets whole hypothesis, 
as far as it rested on tlm.se molluscan forms, falls to the ground. 
Ir. no longer becomes necessary to speculate as to how and when 
Tanganyika, received animal types from an ancient sea. it is sulli* 
eiont to invoke prolonged isolation to account for endemic genera, 
and species—and this is precisely what has been done in other 
groups. 

it is true that no satisfactory explanation of the marine aspect 
of these (msteropod shells is Forthcoming, although certain 
guesses may he hazarded. Without attributing it to a direr!, 
community of descent with certain salt-water types, it might he 
regarded as simply duo to convergence. It might he urged that 
the mstmtblauee is purely accidental, or that it results from the 
quasi-ocean ie conditions which prevail in Tanganyika,, It might 
he due to the magnesium salts in the water, or, perhaps, t.o tlm 
greater degree of salinity winch is believed to have formerly 
existed. Beyond such suggestions it is impossible to go, hut it 
must not he overlooked that a number of fresh-water shells from 
other parts of the world exhibit the .same characteristically marine 
aspect, though there may he no other case with so extensive a 
series of forms. Indeed, Bourguignat and others have not, hesi¬ 
tated to claim a thn.lasxoid aspect for certain iVlolanibke from 
Nyasa and even from the Hiver (longn (<;/*. 48, p.-10: 87, p.bbl). 

A dismission as to the source from which the striking group of 
thalassoid (Wteropods has been derived might, follow hen*, butts 
deferred for consideration at a later stage, ft may, however, he 
pointed out (.had forms possibly akin to those in Tanganyika 
which have aroused so much interest, Formerly occurred in the 
.Balkan Peninsula^/, Brasilia, 58 ; 59), from which neighbourhood 
distribution through tlm valley of the •Iordan and the ((real; ft iff 
Valley may have been effected. 

Lamellibranchiata, 

The Lamellihranclw of the African lakes fall far short of the 
Gnstoropods in point of general interest;, since there do not exist 
in Tanganyika or elsewhere any of those types which have been 
described a,s thalassoid, Tim species belong, in con sec pic nee, with 
but few exceptions, to well-known fresh-water genera, such as 
Corbimla , Unio, and MtUda, The list of species admitted reaches 
a much smaller total (53) than in the case of the Gasteropoda., 
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ami ill is <jtiit.c surprising to liud that in this instance Tanganyika 
dues not. take 1.1m* first, plan* with the In.r^rsi number of dillcrent 
forms. This position is hold by Victoria. Nyanza with JH species, 
hut. Tanganyika follows very closely with .17, and maintains its 
reputation to soiuo extent by exhibiting the highest number of 
endemie species and even certain endemic genera. In the 
following table no column is provided for Kivu, since there is 
only a doubtful record of Lamellibrunehs from that lu,ke*. 

Table of Distribution of Lrntidlibrtwchiala f. 


Name of Species. 


Tungau- Victoria ,, Albert Edward Other parts of 
yikii. Nyanza. ^ ,ls " Nya,nza. Nyanza, the world. 


Family Oyahni 

Uorbieula astartina . ... P ... ... Zambezi. 

„ rumtingtoni. E 

„ radiata. P P P P P E, Africa, Nile. 

Family Smummiun 

Spluerium nyawau . P ... I 3 P F. Africa. 

„ siuhlmanni. K 

,, victoria; . K 

Eupero parasitica. 1* ... ... ... Nile, Abyssinia. 

Family Uniontu.h, 

Umb ununiinutuK . ... ... K 

„ mgyptiaeim . ... ... P ... Nile. 

„ bukeri ... .... ... E 

„ bbhmi . K 

„ borellii . ... E 

,, Imrtoni. K 

„ cailliaudi . ... ... P ... Nile. 

„ calatlms . E 

„ emint . K 

„ geyrardi . E 

,j gr.uididieri . E 

„ hmiUeeicuri............ ... K 

„ Imre!... E 

„ liypsiprytmuis. ... E 

„ kirki . ... P ... Nyasalaml. 

„ Icehaptoisi . ... K 

„ liedcri . - v P ... ... E. Africa. 

„ lourdeb.. E 

luoueeti . K 

„ mo.xsunhieensis. ... P ... ... Zambezi,E.Africa. 

„ multicolor . E 

„ ngesuinus. ... ... ... E 

„ nyassaensis . ... P ... ... Angoni Laud. 

„ rostral is . TS 

„ rttellani... E 

M stulilmnnni .. ... ... ... ... E 


* Speaking of the fauna of Kivu, Moore refers to “ one or two species of fresh¬ 
water bivalves, closely allied to the Union found generally in the* African lakes” 
(137, P* P39). Against this assertion is to he set ike statement'of the naturalist 
at the head of the German (Antral Africa Expedition, “ Kbenso scheinen lebende 
Lamellibrauchier zu fehleu '* (168, p, xiv). 

f The principal sources which may bo consulted for information on the Lamolli- 
brnnehs are Smith (170) and von Martens (118). 
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Kami* of Species, 

Tangan¬ 

yika. 

Victoria 

Nyanzu. 

Nyasa. 

Albert 

Nyanzu. 

Edward 

Nyanzu. 

Other parts of 
the world. 

Unio tangunyicensis. 

„ teretiuseulus . 

„ Thomsoni . 

lJurtouia bourguignati.... 

E 

E 

Gen. E 



P 


U. Nile. 

tangaiiyimisis , 
Brazzica anceyi . 

E 

Gen. E 






Family Mutelidje. 

Mntela alata. 

bourguignati .. . 
,, exotica .. 

P 

P 

K 



E. At'rie.a. 

N Africa. 

nilotica . 

„ solenifonnis. 

„ subdiapliana. 

Pleiodou spekei. 

Spiitha aneeyi . 

j, bloyeti . 

„ kirki . 

E 

E 

E 

P 

E 

E 

P 

V 

Egypt. 

E. Africa. 

nvamSnsis . 

„ trapezia. 

Moneetia anceri . 

Gen. E 

E 

E 




Family TEthrbijiijb. 
JEtheriu elliptiea . 

.. P 

1> 




Tropical Africa. 

5 families . 

4 

5 

3 

4 

4 


11 genera .. 

... 3E, oP. 
(8) 

71\ 

4 P. 

4 P. 

4 P. 


53 species . 

... 14E,3P. 
(17) 

J2K,flP. 

(IB) 

7E,6P. 

413) 

2E,6P. 

(S) 

2E,3P. 

(5) 



The table of distribution in this case displays no outstanding 
features such as are to be seen in other groups. The not incon¬ 
siderable total of 53 species is reached, hub the details of 
distribution have, in most cases, little significance. Firstly, it 
may be noted that the vast majority of the forms (there are only 
4 exceptions) are on record merely from a single lake ; secondly, 
it is interesting to find that no species in the whole list occurs 
outside the African continent. 

Victoria Kyanza, as already stated, exhibits the largest number 
of types, viz. 18, but is closely followed by Tanganyika with 17 
and by Jsyassa with 13. Lakes Albert and Edward follow in the 
usual order with 8 and 5 species respectively. A fact which 
emerges from an examination of these figures, is that the two 
k lakes with the highest totals only contain about one-third of the 
number of species enumerated (Lake Victoria 33'9 per cent., 
Tanganyika 32 per cent.). Contrasted with this, the Gasteropoda 
of Tanganyika constitute over 03 per cent, of the total number 
of 'Gasteropoda enumerated, while in other groups the corres¬ 
ponding figures for Tanganyika reach 80 per cent, and even 
90 per cent. (Branchi lira). 
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Tanganyika. with II- endemics out of 17 leads the way as fur 
a*s endemic Lamellibranchs a.re concerned ( 8*2 per rent.), Lake 
Victoria, (mining near with 12 out of 18 (1H> per cent.), while 
Nyasa, has 7 out of 13 (54 per cent.). Even the smaller lakes 
have each two endemic species, it will he observed that the 
proportion of peculiar forms is very high in this group also ; 
indeed, in some instances it is higher than in the case of the 
(fasteropods, Endemic; genera, are known only from Tanganyika, 
three being retained in the list out of a larger number distin¬ 
guished by Bourguignat. The genus Moucetia of Kourguiguat, 
inserted in the table as endemic, though not delinitoly rejected, 
is nevertheless considered by Smith as only doubtfully separable 
from Epatha (170, p. 101 ), 

A brief survey of the list of species will suffice. Oorhicula 
radiata, a, representative of the Oyrenidm, is the only form which 
is on record from all the lakes concerned. It is a .widely distri¬ 
buted African type, being known from other parts of East Africa, 

and from the valley of the Nile..The family Hplncruduo is 

represented by the genera Sp/uerium and Ettpeva. It is some¬ 
what strange that the four species enumerated are all found in 
Lake Victoria, but not in Tanganyika or Nyasa. Ephwriam 
nyanzcB is known from Victoria, Albert and Edward Nyanzas, as 
well as from other parts of the continent, but it is associated in 
Victoria with two additional species which are peculiar to that 
lake. Eapera parasitica, which is a Nilotic and 1 ST. African form, 
is at present only recorded from. Victoria .Nyanza.—In the family 
Bnionhke there are associated with the extensive genus Utrio 
itself only the two closely related genera, Harlan let and flrar:.z<m, 
which are con lined to Tanganyika,. No fewer than 2 d dill,brent 
species of (Jaio are enumerated, not one of which is on record 
front more than a single; litke. Tanganyika exhibits 8 and Lake 
Victoria. 7 endemic species. Of 7 types in Nyasa, M are endemic; 
of 5 in .Lake Albert 2 are endemic. Lake Edward,. lastly, 
contains 2 forms, both of which are endemic.- -in addition to 
three gen cm of wider distribution, the Mutolidie contains the 
doubtful genus Mbucrlia, to which reference has already been 
made a, genus described as peculiar to Tanganyika. Mntda 
uitvlim is the only species in the family recorded from, more; than 
one lake, if being found in both Albert and Edward Nyanza. as 
well as in Egypt. Each of the bigger lakes exhibits a single 
endemic form of Mutrla. The genus Pleiodon is only represented 
by i\ spnkei, con lined to Tanganyika -it is one of the species 
named by Woodward from K poke’s original collection. Epalha is 
unrepresented in Tanganyika, and the smaller lakes, but a series 
of three endemic forms is known in Nyasa.—Lastly, dC therm 
dliptica , sole representative of the VEfhoriidie, occurs in Tangan¬ 
yika, and Victoria Nyanza, but lms not been recorded from the 
other lakes, although if is widely distributed in Tropical Africa. 

While a considerably smaller number of forms is involved here 
than was the case with the (lasteropods, there is yet an indication 
Piioc. Zoom 1 ) 20 , No. XXXVII. 37 
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that fewer species occur in the smaller than in the larger lakes. 
With the exception of Tanganyika, the hikes are arranged in 
order of size, an<l the iigames for the species are as follows:-— 
Tanganyika 17, Victoria 18, Nyasa 13, Albert 8, and Edward 5. 
Regarding Tanganyika as a lake apart, the remaining figures lit 
in satisfactorily with this suggestion. 

The features which are characteristic of the different lakes may 
he summed up in a few words. Tanganyika alone contains 
endemic Lam el li branch genera, Spharrimit., Eujwra. and Sputha 
are unrepresented, hut a number of endemic species of Cuio are 

known.."Victoria Xyanza, with the largest total of species, 

displays, notwithstanding, little of interest. Most of the genera 
are represented, except those peculiar to Tanganyika,, and a. series 
of forms belonging to Sphwriuhi and C uio arc to ho observed.— 
Of Nyasa there is likewise little to record. The lake only 
contains species from the four well-known genera Corhiada , 
Unio, Mu, tela, and Spatha , 3 endemic types of the last-mentioned 
being an outstanding feature.—Both Albert and Edward ISVanza. 
are similar in type to Nyasa, but contain a representative of 
Sphm'hnn and not Spatha . 

From this survey of the Lnmellibranchs, the following points 
emerge:—No thalassoid types occur in Tanganyika, but that lake 
contains a number of endemic species, as well as three endemic 
genera. All the lakes show a high percentage of endemic forms, 
but in most cases these are merely species belonging to widely 
distributed genera. While Tanganyika does not exhibit in this 
instance so remarkable a series of unique genera, and species as 
in the case of the Gasteropoda and other groups, it retains never¬ 
theless a, distinctness from the remaining lakes quite in keeping 
with its general character. 

Macuuea. 

The only Macrurous Crustacea which appear to occur in the 
big African lakes are the prawns, these being quite common 
types in the fresh-waters of the tropics. An examination of the 
forms now known to exist in the lakes of Africa reveals, how¬ 
ever, many points of interest, in the first place, no fewer than 
twelve species have been discovered in Tanganyika, of which fen 
were obtained for the first time by the Third Tanganyika. 
Expedition. This is in itself a, large number of different species 
to be found within the limits of a, single lake, hut the interest, is 
greatly increased when it is realised that all these forms occur 
in Tanganyika alone. This is the only well represented group in 
which such is the case. Again, with the exception of a single 
species of the well-known fresh-water genus Palamm, a,11 the 
genera are equally to he regarded as endemic. 
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Table of Dklrihalion of Macrnra +. 


Naim; of Species. 


'Taiwan- Vic.toria * T , Albert? Edward Ollier parts oi 

yika, Nyauza. 1 ^ USiL Nyan/.a. Nyairaa. the world. 


Family IhinanuomnE. 

Paliumou moot'd . 

E 

Family Atvid.t?, 

Oaridimi iiiloticu 

var. gracilipes . P 

Limnoearidiua retiarius . Gen. E 

„ parvula. .E 

„ tangaiiyikix; ... E 

„ similis . E 

„ latipes . E 

„ socius . E 

„ spinipcs . JE 

Limnoeavidella alberti. 

CaridoHa cunningLoni . Gen. E 

„ miunta . E 

Atyclla brcvirostris . Gen. E * 

„ longirostris . E 


1» p;;. 


Gen. E 


Ada, Australia, 


0 genera. 3E, IP. 1P. 1 P. IE, 1P. 1P. 

li,species. 12 E. IP. IP. IE, IP. IP. 


The adjoining table shows at a glance the most striking 
feature of distribution, namely that while OarhUna mlollm var, 
tjrmlUfmi occurs in nearly all the big hikes of Africa, it is not 
found in Tanganyika, but is replaced there by 12*einlomie species 
belonging for the most part to endemic genera,. Lake Albert 
also contains an interesting endemic form (obtained by the 
Leman Central Africa, Expedition and described by Lunz 
(109, ]). 132) and Bouvier (52, p. 575)) in addition to the above- 
mentioned widely distributed Garklhm , while Kivu is the only 
lake of those at present under review in which prawns have not 
hitherto been observed. 

The first species of prawn ever taken in the .African lakes whs 


f A detailed net,muni of the Mumim of the Third Tanganyika Expedition is given 
by Caiman (81), and forms the principal mamas of information on tins group. 

* Tim species of prawn collected by Scl mix it/, sit Kussenje on Lake Albert was 
described by Lon/, (109, p. 130) as (hridina longiroHrk Milne-Edwards, It; is, 
however, commonly agreodthat hmgiroUm is identical with the earlier nilnfircu 
so that, apart from the varietal name, this is the same form that occurs so widely 
distributed in Africa. Since the type described as VarUUna nilotka var. grav'd tyv* 
is certainly rather variable, it, seems probable that the Lake Albert,specimens are hoi 
sufficiently distinct to bo recorded under a different name, and this is the view which 
1 have taken in compiling the table of distribution above. For a discussion of these 
questions of synonymy consult the paper of Caiman (81, p. 189 d ray.) and the 
subsequent paper of do Man (110), which arrives at somewhat, different conclusions. 

| 1 adopt the varietal identifications of Hilgeudorf (100), Caiman (61). and Lems 
(109), but it is only right to point out that do Man (110) takes a different view, 
l ie appears to consider that the form occurring in Lake Victoria is to he referred to 
tin; typical (hridina nilotka itself, and the form from Nyasa to his newly estab¬ 
lished variety mtahmis, The type (hridina nihtiva var. gmdlifn he records 
only from the islands of Celebes and Snlayer in the Malay Archipelago. 

37 * 
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obtained in Victoria Nyan zn by Stuhlmann in 181)0 (100, p. oU). 
It was re-taken in the lake by Neumann, and more recently by 
Alluaucl, b j myself, and by Degen. From Nva.sa. a. species of 
prawn was brought for the first time by my expedition. These 
species prove to be one and the same form—the Carhlina idiot lea 
vax. grctcilipes, to which reference has just been made. During 
the German Central Africa Expedition of 1907-08 this prawn 
was collected by Behubotz in both Lakes Albeit* and Edward 
(109, p. 150). It is thus the only common species in the Africa.]) 
lakes, while it has in fact a yet wider distribution, ranging in 
Africa from Natal to the Nile and extending into Asia, and 
Australia. The eastward range of this type lias indeed an 
additional interest on account of the well-marked resemblance 
noticeable in other groups between the East African and Indian 
faunas. 

Only the first of the twelve species enumerated from Tangan¬ 
yika can be compared at all closely with forms which are known 
from other parts of the world, and it lias no very pronounced 
affinities. The remaining eleven species belong to the group of 
the Atykke, and are not so nearly connected with types hitherto 
known. Moreover, in common with LimnomrideUa albert !, they 
differ from all the other species of the family in having a smaller 
number of branchiae f, which is a feature undoubtedly duo to 
specialisation. 

To sum tip then, there occurs in most of the great lakes of 
Africa only a single species of prawn having a. very wide 
distribution. In Lake Albert this is associated with an endemic 
form, and in Tanganyika it is replaced by twelve other endemic 
forms, the majority of which are among the most highly special¬ 
ised members of the family to which they belong. Under the 
circumstances, it is impossible to resist the suggestion that there 
is exhibited here something very similar to what was seen in the 
case of the fishes, and particularly the Oiehlida*. if the extra¬ 
ordinary variety of form, and high degree of specialisation, which 
is characteristic of the Oiehlids of Tanganyika., may have been 
due to prolonged isolation and comparative freedom from com¬ 
petition, it at least seems not improbable that the remarkable 
Macruran fauna of the lake owes its origin'to the same cause J, 

BeachYura, 

There are five different species of crabs now known from 
Tanganyika, of which one has been left unnamed for the present. 
In a manner closely corresponding with the case of the prawns, 

* See footnote above. 

t. A reduced branchial formula is also characteristic of the remarkable West 
Indian form for which Boavier has established the genus Micrati/a (51, p. 3SI), 
formerly Cal mania (50, p. 334), Bouvier regards this as allied to the Tanganyikan 
genera, but this view is not accepted by Caiman (62, p. 700), 
f t Ail important, paper dealing with the origin of the peculiar prawn fauna of 
Tanganyika was communicated by Bouvier to the International Zoological Congress 
at Monaco (52). Consult also BouvierY paper on the classification of the At video 

if Kl \ 
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while two species belong- to a, widely distributed and common 
fresh-water genus (Pofairwnauks), the remaining three, though 
members of the typical fresh-water group (Botamonidm), con¬ 
stitute a. remarkable genus, which occurs only in Tanganyika. 
All the forms from the other lakes under review belong to well- 
known genera of the same family. No Braehyurans have as yet 
been reported from Albert. Nyanza. 

Table of Distribution of Bmchyura f. 


Name of Specie. 


Taiwan- Victoria 
yika. Nyanza. 


N.vasa. 


Edward 

Nyanza. 


Kivu. 


Otter parts of 
the world. 


Family Potamon i:d ;u. 

Potamon (P0tan1011aui.es) 

in flatus... 
w „ orhitospinus 

„ „ platyuotun.. 

» » . 

„ „ sp,r . 

Potamon (Geotlielplmsa) 

bmrrti ... 


„ „ emiui . 

Potam on (A onntliot he'lpli usa) 

* nilotious. 

Platythelplmsa armata. 

„ maculata ... 

„ roneuleata ... 


E 

v 


Gon. E 
E 
E 


P 


P 


P 

E 

V 


Natal. 


P Egypt Abyssinia. 

P P X Africa, Abyssinia. 

... Egypt, Abyssinia. 


4 genera and subgeuera... IE, IP. 2 P. IP. IP. IP. 
"lilpecies,ZZ. 4 E, I P. 2 P. I E, 2 P. I P. 2 P. 


The table of distribution makes it clear that while each of the 
lakes in the list exhibits one or more representatives of the very 
well-known genus Potamon with its sub-genera, these types are 
associated in Tanganyika with three species of an interesting 
endemic genus. Both Nyasa, and Tanganyika possess species of 
Potatoontmfes which are peculiar to themselves, but it, is in 
Tanganyika, alone among the big lakes that am endemic genus is 
found. All the species enumerated appear to he confined to the 
continent of A frica, 

Apart, from the case of Tanganyika, it, will be noted that (with 
the exception of Potamon ( Potwmmumks ) nrbitospmm from 
Nyasa,), the forms from the different, lakes are by no means con- 
lined to them, and indeed a,re often of wide distribution. This 
whole series of types—types such as are known from all the 
tropical fresh-waters of the Old World-—may be considered as 
the normal African group, and calls for little further remark* 
In the paper already cited (70, p. 203) the present writer 
expressed a conviction that the number of African species has 
been unduly multiplied, and the unnamed forms included in the 

f For further details concerning most of these forms,.consult the Report on the 
Braehyurous Crustacea of the Third Tanganyika Expedition (70). 
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table ato bo regarded ns specimens which, in the existing state 
ut' our knowledge, it is impossible to idenfily. it is nevertheless 
clem* that the precise distribution in t.iio lakes of these repre- 
scuta,lives of the subgenera, of Poi.mnon is of little, if any, 
significance. 

"in this connection it should perhaps be explained that, the 
grounds of identification of the river crabs are unsatisfactory on 
the whole, external characters of a, comparatively trivia,! and 
fluctuating nature forming the basis of distinction. Systematists 
are thus on less sure ground than in the case, for instance, of the 
prawns, where a, matter like the branchial formula, affords more 
satisfactory evidence of affinity. 

Tanganyika, with no less than three species of the endemic 
genus Platythelphnm^ is evidently a ens o sni generis. There are 
certain features in the anatomy of this unique genus which 
suggest that it is of a somewhat primitive and unmodified 
character, but at the same time nothing to indicate that it is 
more definitely marine than the other members of the family to 
which it belongs. Further, it is only to he regarded as unspociab 
ised iif comparison with allied forms which have adopted a semi¬ 
terrestrial mode of life, so that it affords in reality no support 
for Moore’s view that Tanganyika, is the altered remains of an 
ancient sea. The genus with its three distinct species is rather 
to be looked upon as one more example of variation and 
divergence, brought about, in all probability, by prolonged 
isolation. Finally, it may be noted that this lake, with five 
species, contains a larger number of different crabs than any of 
the others under consideration. 

Those groups of smaller Crustacea which are often associated 
under the heading Entomostraca, are (with the exception of the 
marine Cirripedia) well represented in the African lakes. In¬ 
formation concerning them is, however, for the most part, of 
• fairly recent date, since such organisms would he overlooked 
by any but trained biologists, and the use of the tow-net in 
Central Africa lias even yet yielded results which are 1ml*. 
fragmentary and incomplete. All the earlier records a,re duo 
to the zeal and energy of Stuhlmann, and concern in particular 
Lakes Victoria and Edward. In 1898-1900, extensive collections 
were made in'Nyasa and its neighbourhood by Fulleborn, and 
this material, together with a supply from Victoria, Nyanza 
collected bv Borgert, forms the basis of a comprehensive treatise 
by Dadn.y (78), in which the whole of the microfauna is dealt 
with. The collections made by the writer during the Third 
Tanganyika Expedition have afforded information for the first 
time concerning the Entomostraca of Tanganyika, as well as 
providing additional records for Nyasa and Lake Victoria. 
Finally, the work of Sehuhotz during the German Central Africa 
Expedition has furnished further particulars relating to Lakes 
Kivu, Edward, and Albert. 

It may here he pointed out that these lower Crustacea, with 
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film (vwepfhmal opportunities they ;iro known to possess for 
obtaining worhl-widc distribution, cannot alibi'd evidence of the. 
same value as the higher forms. When -as is particularly 
I lie case among the Uhuloceni - - oven specific forms of cosmo¬ 
politan .range reappear in the great lakes, it becomes clear that 
the precise geographical distribution of-such species: is a, matter 
of no great significance. At the same time, the possibility is not 
excluded that the lakes may differ in their suitability to harbour 
certain types, while it is highly probable that now types can and 
will develope in some cases, constituting species or even genera 
of an endemic nature. Thus a study of the distribution of these 
forms in the lakes of Central Africa is nevertheless not devoid of 
interest, a,ml may indeed furnish testimony of some importance. 


Eucopepo’da. 

The Eucopepoda so far observed in the lakes with which this 
paper is concerned reach the not inconsiderable total of 54 
species. Of these, more than half (31) have been found in 
Tanganyika, to which lake a large proportion exclusively belong. 
There is every reason to believe that further investigation will 
bring to light additional forms, particularly from Victoria, 
Nyauza and the smaller lakes, which, in this respect, have 
received less attention than Tanganyika, and Nyasa. 


Table of Distribution of Eucopepoda t. 


Name of Species. 


Tangan¬ 

yika. 


Victoria 

Nymm. 


Nvasn. 


Albert 

Nyaiv/m. 


Edward 
IN yarn, 


Kivu. 


0flier parts of 
tlie world. 


Family Ci«HTUoi*A«nu{. 

Diaptomus guloboides J ... ... P ... P 

„ inixtiw . 15 

afriennus . ... P ... ... 15. Africa, 

„ sluhlmanui . 15 

„ simplex . 15 

„ ommingtmii. ... 15 

., krmpolini . ... P • .. ... 15. Africa, 

Family Haiu‘A0Tktt>.k. 

(knthocumpfcus .sehruden .... 15 

Attheyelladocomta .. ... Pjj ... ... ... Asia, S. America. 

„ grandidieri. ... P§ ... ... ... 8.America,Nowlhdnoi, 

Dactyl opus jugur ilia . ... P ... ... Asia, New (Juinea. 

Mchi/,opera inopinata ...... 15 

„ validior . .15 

„ eonshmlia ...... P P 

„ imguluta. F 

„ mimitieoniis... T5 


f Detailed information concerning :i large proportion of these species is given by 
Mars (151). 'fhe other sources of most importance are I today (76, p. 100) ami 
Mmek (189), For the Lermmdie consult Ommington (73). 

I 1 follow Sars (151, p, 34) in assuming that this form, which is one of tin.* 
commonest and most characteristic species of Luke Victoria, is not identical with 
the Egyptian D. (fulehi Farrow, as supposed by Mitozek and fluky. 

§ Not actually recorded from the lake itself, but from within its drainage area. 
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Name of Species. 


Tangan¬ 

yika. 


Victoria v Allicvi. Edward 
Nymiza. Nyanza. Nyanza. 


Kivu. 



Selifeopera spinulwa . E 

„ ilmbriata. 

„ scalaris . E 

Ilyophilus perplexus. E 


Family Ciclopipjb.. 

Cyclops asperieornis. 

P 

V 

n 

l* 

i v 

i 1 ’ 

... East Indies. 

P Cosmopolitan. 



V 

P 



, , E, Africa. 

,, neglectus* . 

p 

E 

P 

P 

P 

i> 

P Senegal, Sumatra, 

alhidus. 



P 



... Cosmopolitan. 

,, attennatus . 

varicaus . 

B 

P 


P 

V 


... Europe, New Zealand. 

„ bicolor . 



PS 



E, Africa, Europe. 

exiguus . 

E 






„ cnmiingtoni . 

„ pachycomus . 

„ serrulatns f . 

„ semiserratus . 

E 

E 

E 

P§ 

p» 


p 

... Cosmopolitan. 

„ lajvimargo . 

E 


p 

0 ••• 


,,, Cosmopolitan. 

„ angustus . 

„ stubbrnumi. 

P 

E 

p 

p 



„ rarispiiras . 

„ agiloides . 

E 

P 

P 


p 



enucantlms. 

ciliatus . 

V 






„ dubius. 

„ prasimis . 

„ phuleratus . 

„ compact us . 

„ oligartbrus. 

! § 

P 

1 J § 

E 

P 

PS 



... E. Africa., Europe. 

Cosmopolitan, 

... Central Africa. 

Family Ergasilid,®. 

Ergasilus kandti . 

)} sp. 

... 

v 

•p 

E 



Ergasiloides megacheir 
„ macrodactylus 

E 

E 

P 






„ brevinmnus... 


p 




Family TjERX.t.em. 
Lermeocera diceraeephala.. 
„ lmplocepliala... 

E 

P 





Nile, Congo. 

10 genera. 

6P. 

5P. 

7P. 

31\ 

ip. 

IP. 

54 species. 

22E9P 

(31) ’ 

3E.10P. 

(13) 

■tRlSl 

(33) 

> lE,fiP. 

(7) 

np. 

31\ 


§ Not actually recorded from the lake itself, but from within its drainage urea. 

* As explained by Sars (151, p. 51 & 74. p. 82), tins species bus been wrongly 
identified with 0 , otthonoide, s* G. 0, Surs or with 0 , h/alinm Uehberg by other writer's 
on African Copepoda. I adopt the new name introduced by Sars, 
f A number of the forms which succeed this in the list belong to the group for 
which CaerrnUtM Fischer is the type. While the species 0. mruhlm is recorded 
by Miizek (189, p.3) for Victoria Nyanza, by T today (70, p. 108) for Nyasa, and 
by van Donwe (80. p.492) fur Edward Nyanza, it is not unlikely tlmt the specimens 
in question might ratlmr belong to one of the specks in the “mnnhilm" group ns 
described from the lakes by Sam, than to C. sermlatus, s, sir. At present it is 
impossible to settle this point, so I take the course least open to objection and insert 
the records of Miizek, Daday, and van Donwe as they stand, 
























FA UN - A OF TUB A F RTF AN LAKES. 5f>l 

An examination of Uiifc} li^L of forms re seals in t.lm first 
place the large proportion of the recorded species which hits been 
observed in Tanganyika. The hitter lake contains o 1 out of a 
total of fit different forms, Nyn.sn. contains 23, Victoria, Nyimza 
Jo, and the remaining Jakes still smaller numbers. The contrast 
between the lakes is greater than is disclosed by these figures, for 
out of 31 species known from Tanganyika, 22 a,re peculiar to that 
lake, and in comparison only 4 out of 28 for Nyasa and 3 out 
of 13, for Lake Victoria. In the three smaller lakes there is only 
a, single recorded species which is endemic, and that occurs in 
Albert Nynnza. Expressed in percentage form, this means that 
nearly 71 per cent, of the Copepods of Tanganyika are found in 
that lake alone, while of the species found in Nyasa only some 
17 per cent, are peculiar to the lake, in Victoria, 23 per cent., and 
in Albert 14 per cent. Excluding Tanganyika, it will be observed 
that only 8 of the forms recorded are endemic, so that with 22 
endemic species, Tanganyika, has nearly three times as many 
endemic Eueopepoda as the other lakes can muster between them. 

Turning now to the distribution of families and genera in the 
lakes, the genus 1) kept omits* sole representative of the Centro- 
paghke, calls for little comment. A single species of this genus 
occurs in Tanganyika, to which it is peculiar: it appears to be 
a. most characteristic plankton form in that lake. Lukes Victoria, 
and Nyasa, each contain endemic species as well as types of wider 
distribution, so that the three big lakes may each be said to have 
their own particular forms. None of the species of JHaptowus 
in this list have been observed outside the continent of Africa. 

The representalives of the TIarpaeticuke are of far greater 
interest. An endemic species of Canlhocctmplm has been re¬ 
corded from Victoria. Nyanza, and widely distributed species of 
Atihetp'lht and /)aefplopus from Nyasa. It is on the genera, 
S'chhnprm and flijopfriltis. at one time regarded by Bars as strictly 
marine, that interest, really centres. The genus Schizopera is 
represented in the collections made by the writer by no lens than 
8 species, of which 0 are peculiar to Tanganyika and one to 
Nyasa, while one occurs in both Lakes Tanganyika and Victoria, 
The genus was established bv Bars for the reception of n species 
found in a brackish-uaier lagoon on the Chatham islands, while 
subsequently species have been obtained from the Caspian and 
from Egypt, it is obvious that such a genus can hardly ho 
regarded as strictly marine. Three questions suggest themselves 
in this connection. I low docs the genus come to he represented 
in the heart of Africa; how is it that brackish-water types are 
living there in perfectly fresh-water ; and how is it that so many 
di fie rent species are recognisable in Tanganyika. ? Bars points out 
(151, p. 0!)) that the most obvious explanation would be to regal’d 
these as genuine u relict ” forms, in which case the Tanganyikan 
species would be important members of Moore’s so-called u halo- 
limnio 99 series. He rejects on general grounds the view advanced 
by Moore, and indicates transport, by the aid of migratory 
aquatic birds as sufficient explanation for this remarkable 
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discontinuous distribution. lie asserts the probability that 
forms transported from brackish water would not be unable 1o 
survive in fresh water, and finally maintains that the several 
species occurring in Tanganyika, have been produced by diver¬ 
gence during a period of isolation—a view entirely in accord with 
that already expressed in the case of other animal groups.-—The 
genus Tlyophlltts is represented in Tanganyika by a single species 
which is endemic. The type species of this genus was described 
from the Baltic and has also been obtained near Christiania, so 
that the remarks concerning transport and establishment in 
fresh water are as applicable here as in the case of Schhopera. 

No fewer than 27 species, all belonging to the genus Cyclops , are 
enumerated under the family Oyclopidm. It will he noted that 
Tanganyika again leads the way with 17 species, while Nyasa. 
contains 13 and Lake Victoria. 8: moreover, 11 of the Tangan¬ 
yikan species are peculiar to that lake, while the other two lakes 
each contain only a single endemic form. The three smaller 
lakes possess fewer representatives, viz. :—Lake Albert 5, Lake 
Edward 3, and Lake Kivu only 2. All the latter are of fairly 
nude—some of cosmopolitan—distribution. 

The family Ergasilidax which may be regarded as intermediate 
between the free-living and the highly degenerate parasitic 
Copepods, is represented by 5 species belonging to two genera.. 
An endemic form of the genus JiJr gas Hits lias been recorded from 
Albert Nyanza, and the genus has also been recognised both in 
Nyasa and Victoria. In Tanganyika it would seem to be 
replaced by the genus Ergasiloides , described from material 
obtained by my expedition. Two endemic species are on record 
, from Tanganyika, while a third is found in that lake and also 
in Nyasa. 

The Leriueidse with two forms of Lermeocerct, concludes the 
list. The two species were obtained by the Third Tanganyika 
Expedition from fishes in that lake, and while one proves to be 
endemic, the second was found to he identical with specimens in 
the British Museum collection taken on Nile fish. 

Reference may again be made here to the statement that the 
number of different animal forms existing in the lakes varies in 
proportion to the size of the latter (cj\ pp. £>35, 548). It is only 
when many forms are enumerated that such a comparison is 
justified, but in this case it may fairly be undertaken. Apart 
from Tanganyika, the lakes are arranged in the table in descend¬ 
ing order as regards size, and the total figures are as follows :— 
Tanganyika 31 (species), Victoria 13, Nyasa 23, Albert 7, 
Edward 3, and Kivu 2. It is very clear that Tanganyika is 
quite unique, but apart from that lake, beginning with Victoria. 
Nyanza, the Copepods exhibit a regularly decreasing total with 
the exception of Nyasa, where the higher figure is probably due 
to the more thorough exploration of its waters. 

The distribution of Copepoda in the individual lakes may be 
summarised as follows:—Tanganyika, with 31 species, 22 of which 
are endemic, is clearly in a category, by itself. Containing a. 
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single s j >ccies of Dittplo-ut as which is peculiar to it, tho Inlet 1 
is chielly characterised by ;t, number of remnrkablc forms belong¬ 
ing to the genera, Echi.mjtc.ra and Jlyop/tila, s*, nearly 1,1 »e whole of 
which it re not known elsewhere. Even id* the cosmopolitan genus 
(*y clops, Tanganyika exhibits 11 endemic types, as well as others 
of wider distribution, while of the three species of Kr gas Ho ides, 
two are found here alone. Two forms of the parasitic Lemtcocera 
occur in the lake, one of which is likewise endemic. 

The Copepoda of Lake Victoria are referred not only to fewer 
types, but form a much less interesting assembly. They comprise 
a single endemic species in each of the genera Itiapfomns, Can- 
thocamptus, and Cyclops, hut otherwise are forms of wider, often 
of world-wide distribution. 

A larger number of species is known from Nyasa, but out of 
2*1, only 4 are endemic. Of the latter, two are species of 
1 Ha pt (mitts, while there is a single endemic form of the striking 
genus Sckizopera and one of Cyclops. TVlost of the remaining 
species are widely distributed, a. considerable proportion being 
well-known forms of Cyclops. JS T yasa contains a species of 
Ergas Has as well as Ergasiloides brerimanus which is otheiwise 
confined to Tanganyika.. There is no reason to suppose- that 
Nyasa will he found to contain so many more Copepoda than 
Victoria Nyanza when the latter lake has been equally well 
investigated. 

Seven species have been observed in Lake Albert, of which 
merely a. single form (Ergasilas Jmndli) is endemic. Apart from 
this and from a species of JJiaptomns found also in Lake Victoria, 
the lake contains only representatives of the genus Cyclops , which 
are of fairly extended, and in some cases of the widest possible 
range. 

Lake Edward with 3 species, and Kivu with 2, come last in 
the series, and it should be noted that not only do they contain 
very few types of Copepoda., but that these types have little 
significance, being in each case widely distributed species of 
(hj clops. 

It is thus apparent that with increase in size the lakes exhibit 
an increase in the number of founs which they contain; that 
only in the larger lakes do endemic species appear; and, finally, 
that Tanganyika possesses a large number of unique types which 
may well have been produced during a. period of prolonged 
isolation. 

Beancmiuba. 

Tliis small group of animals, which are parasitic, for the most 
part on fish, was for long but poorly represented in the collections 
from the great. lakes of Africa. The collections made by Stuhl- 
marui in Victoria Nyanza (184, p. lf>4) and Edward Nynnza 
(187, p, 47 & 188, p. 37) and by FiiJleborn in Nyasa, <187,V 47 
& 188, pp. 37 <fo 44), resulted in a total of three species belonging 
to as many genera. To these may now be added no fewer than 
seven now species of Argulus which were obtained for the first 
time by the Third Tanganyika Expendition (72), while there'are 
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further records of distribution now available which make our 
knowledge more complete. It is safe to predict that future 
investigation will add to the localities in Africa from which these* 
parasitic forms arg known, even though it; may not materially 
increase the number of recognised species. 

Table of Distribution of Brcmckiura f. 


Name of Species. 

Taiigun- Victoria 
yika. Nyan/.u. 

KT Albert 

Nyusa. Nyiulza . 

Edward 

Nyauxii. 

Other parts of 
the world. 

Dolops runormn . 

Arp;ulus ineisus .. 

„ rubropimctutns .. 

„ pevsomitus .. 

„ exiguus . 

„ unpiistioeps. 

„ stria!us . 

„ rubeseens . 

P P 

K 

E 

K 

E 

E 

E 

E 

P 


Nile. 

„ africanus. 

Chonoptdtis iuermis.. 

:p p 

P P 

Gen. E 

P 

Nile. 

10 species. 

. 7E. 2 P. 2 P. 

1 E, 2 P. 1 P. 

1 P. 



The outstanding feature revealed in the above list is that while 
two species occur widely distributed in Africa, these are asso¬ 
ciated in Nyasa with a single endemic form, but in Tanganyika, 
with no less than seven. Thus out of ten known African species, 
nine are found in Tanganyika, which is therefore seen to possess 
not only a larger number of characteristic species, but a, much 
richer Branchiuran fauna than the other great lakes with which 
it may reasonably be compared. All the species enumerated are 
confined to the African continent so far as is at present known. 
Dolops rancor urn is the only African representative of a genus 
which is otherwise exclusively American. The genus Ohonopeltis 
was established from a single female specimen from Lake Xyasa, 
while Argulas alone has a distribution which is world-wide. 


OSTKACODA. 

It seems probable that the Ostracod-fauna of the great hikes is 
less well represented in the collections hitherto obtained than Is 
the case with any of the other groups of Entomostraea,. This 
is due to the fact tliat nearly all fresh-water Ostracods are 
bottom-living rather than planktonic forms, and require other 
methods than surface tow-netting for their capture, while the 
hulk of the material at present examined was collected by the 
tow-net. This implies, of course, that many additional types 
will probably be found when the lakes are more adequately 
explored. Nevertheless, 22 species are on record for Tanganyika 
(of which 20 are peculiar to that lake), and 17 and 7 respectively 
for Nyasa and Victoria Nyanza. NTo Ostracoda have so far been 
recorded from Lakes Edward and Kivu, 

f For further particulars, bibliography, etc., consult Cnmiington (72). 
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Table of Distribution of Ostracoda " 




Name of Species. 


Tangan¬ 

yika. 


Victoria 

Nyanza. 


Nyasa. 


Albert 

Nyanza. 


Oilier ]iarts of 
the world. 


Family Cyfrib.i?. 

Cypria castanea. 

„ lenticularis . 

Paracypria declivis . 

„ complanata 


eo noidea 

„ obtusa. 

„ deflexa. 

„ subanguhita ... 

„ reniformis . 

„ humilis . 

„ opaca .. 

„ elaviformis 

„ fiexuosa . 

„ curta . 

Uioeypris propinqua. 

„ alta . 

Heterocypris dubia . 

Eueypris Habella . 

„ inermis . 

„ laticauda . 

Stenocypvis sinuata. 

„ malcolmsoni ... 

„ marginata. 

„ perarnmta. 

„ fulk'borni . 

„ fa-sciculata ... 

„ stagnulis . 

Cypridella fossulata. 

Cypridopsis obliquata . 

„ sinuata . 

„ eunniiigtoni ... 

„ ]) us ill a . 

„ monodonta ... 

„ srrrata . 

,, bidentnta .. 

„ tnmidnla . 

„ congenera ...,, 

„ gihba...... 

I’otamoeypris liilleborni .. 

viduella. 

Zonoeypris costata . 

„ huvis . 


Family Cytiieiuiok. 

Lininieythere obtusata. 

„ mielmcdseni.. 


K 

E 

e 

K 

B 

K 

B 

1*4 


P 

i’§ 


K§ 

P§ 

E§ 

P 

E§ 

KS 

Id 

P§ 


P$ 

■I # § 


PS 


Natal. 

Madagascar, 


Natal. 

Madagascar. 
Asia, Australia. 

Natal. 


Kilhmmdjuro. 


Cape (tulouy. 

K. Africa, Madagascar. 


Lake Itukvva, 


11 genera . 

14 species. 


IP. OP. OP. IP. 


20E.2P. 6 E, 2P. 8E,0P. IP. 

(22) (7) (17) 


f Tins account is baaed in the main on the report published by Bars on the 
Ostracoda collected by the Third Tanganyika Expedition (152). 

§ Not actually recorded from the lake itself, hut from within its drainage area. 
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The existence of a. large number of Osbracods which are 
peculiar to Tanganyika is the principal feature displaced by the 
list of species. Of the total number of forms on record, it will be 
noted that Nyn.su. with 17 species does not full far short of Tan¬ 
ganyika, with 22. while Victoria, Nya-nm is a long way behind 
with only 7. This is probably due—at all events in part to the 
fact that Nyasa. and its drainage area, have been more thoroughly 
investigated in this direction than Lake Victoria.. It may further 
be remarked that less than half the records from Ny.usn. are from 
the actual waters of the lake itself, the remainder coming from 
ponds and swamps etc. in the vicinity. Corresponding collec¬ 
tions from the surrounding ponds, swamps, and rivers a,re wanting 
in the case of both Victoria and Tanganyika.; indeed, the whole 
of the material collected in the three biggest lakes by the authors 
expedition came only from the lakes themselves. Additional 
records are therefore to be expected, particularly from Lakes 
Victoria and Tanganyika whenever a more complete investigation 
of the Entomosbraca becomes possible. 

While Nyasa is shown to contain nearly as many different 
forms as Tanganyika, it will be seen that in the nature of these 
forms the lakes differ profoundly. More than half the species 
from Nyasa have also been obtained elsewhere, but of the 22 
species from Tanganyika only two have so far been observed out¬ 
side the confines of that lake, or to put it in another manner, 
47 per cent, of the Nyasa forms arc endemic in the lake, while 
nearly 1)1 per cent, are endemic in the case of Tanganyika. 

Another feature of distribution which this table brings into 
prominence is the association of certain groups of forms with 
certain lakes. Only in three cases have species been recorded 
from more than one lake —Stetwcyprisperaruiata from Tanganyika, 
and, Nyasa, Zomcypris coslrUa from Victoria, and Nyasa-, and 
Paracypria ohtma from Tanganyika and Albert, in every other 
instance the species from the lakes differ from one another, and 
appear to be either peculiar to or at least diameter istie of Urn 
lakes in which they are found. Without referring to the species 
seriatim, it may be pointed out that the genera. Skmmyprls, 
Potamocyprls , and Cypria seem to he associated in particular with 
Nyasa, and (JyprlpockU with Tanganyika, while Auv teypria, with 
the exception of a single species, occurs only in. Tanganyika 
among the lakes. 

A part from the forms peculiar to Tanganyika, (which number 
20 out of a total of 44in the list of Ostracoda), it is to bo observed 
that 8 species are peculiar to Nyasa and f> to Victoria Nyanza, 
or 13 in all. It will thus be seen that when Tanganyika, is 
excluded, more endemic forms are known from the remaining 
lakes than is the case among the Gopepoda, It is also singular 
to note how restricted is the distribution of even the rum- 
endemic forms recorded, for only in a single case (that of tfleno- 
cypris mafeohmoni which is known from Asia and Australia.) has 
a species been obtained outside the continent of Africa with 
Madagascar. 

To the genera Paracypria, and Oypridopm , which are so largely 
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ropi'esontod in Tanganyika, it is necessary to call special attention 
on account of their remarkable nature. Of the former genus, no 
fewer than twelve different species have been described from that 
hike, eleven of which are peculiar to it, a.nd they all, as Savs points 
out (152, p. 750), exhibit striking features of specialisation. 
It is also a remarkable coincidence- if it is only that—-that the 
type species of Paraojpria was obtained from the same brackish 
lagoon on the Chatham Islands as was the type of the Oopepocl 
genus Sehizopera, which is likewise very characteristic of Tan¬ 
ganyika among the lakes. The case of Ci/pridopsis is perhaps 
more" significant still, since of the ten species obtained by the 
Third Tanganyika. Expedition two only display all the features 
characteristic of the genus, and these are the two forms taken 
respectively in Lakes Nyasa and Victoria. The other eight types, 
which are confined to Tanganyika, exhibit certain divergences 
which suggest that they might more suitably be removed to a new 
genus which would then lie endemic in the lake (152, p. 757). 

It is quite clear that in the case of this group also, Tanganyika 
contains an unusually large number of forms, an exceptional 
proportion of which are peculiar to the lake, and that of these 
peculiar forms many show undoubted signs of specialisation. 

Oladocera. 

The outstanding fact concerning the Oladocera is the absence 
of any representatives from the plankton of Tanganyika, and 
also apparently of Ivivu, which is in direct communication with 
it. Thus the survey of this group of organisms resolves itself 
into a comparison of the records from the remaining lakes, and 
this, it is not surprising to find, lacks the interest which the 
inclusion of species from Tanganyika usually affords. 


Table of Distribution of Oladocera t. 


Name of Species. 


Victoria nyr Albert- Edward Other parts of 

Nynu/u. 3Sfya.il/ii. Nyauxa. tho world. 


Family Srm mm 


I>mplmnosoma cxcisum P 

Family D.uminuok. 


„ Icmgispiuu.,,, P 

jj hyalma . P 

„ hnnhoitzi . I* 

„ monad la . 

Ih alodaplmia barbatn. P 

Ceriodaplmia bieuspidata... P 

„ c’ormita . P 

„ dnbia . P 

„ rigaudi . P 


P 

P 


K 


i‘§ 

p* 


Asia, 

P E. Africa, Australia. 


Oosinojioliiim. 

Cosmopolitan. 

Palestine, Australia. 

E. Africa. 

P 

Asia, Australia, S, A meric 
... , Sumatra, 

P Almost cosmopolitan. 


t For further particulars consult especially Paduy (70, p. 120), Additional 
records for Lake Victoria are given by Ddaehaux (77) and for the smaller lakes bv 
Brebm (54). 

§ Not actually recorded from tlu» lake itself, but from within its drainage area. 
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Name of Species, 

Vic; tori a 

Nyasa. 

Albert 

S'ldwanl 

(M.her parts of 

Xynnza. 

Ny;uiy.ii. 

NviUi/.a, 

tlir world. 

Simocephalus vetulus .... 

P 

P 



(ViH4iioj*olil::u. 

Moiurxlttpliniu madeayi .. 


J*S 



Alltll^f COShlllJlolitiUl. 

Moina dubia . 

P 

P 



M. Africa* Egypt. 

j, mieruru . 

P 




Zanzibar. 

19 S P. 




P 


Family Bosmixiduu 

Bosmina lonsrirosfcria . 

P 

P 



(■osinojiolitau. 

llosimnopsis dcitem . 


P 



(Vntrnl Africa, S. America. 

Dosminelk anisitsi . 


P 



S, America. 

Familv Magrotii u re in .13. 

Maerotlirix latioornis . 

. V 

Pj} 



< Nismopoliton. 

„ lursuticomis.. 


1*8 



Algiers, Muro|)e, 

chevron xi . 

p 

P 



Africa, S. America. 

Ilyocryptus longiremis . 

p 

1*8 



Cosmopolitan. 

Family Chydouiiul 

Camptocercus australis . 

P 




Australia. 

Alonopsissingalensis .... 


p 



<Nylon, S. America. 

Euryalona oriental is. 


p 

p§ 



(Nylon, S. America, 

Psendalomi longirostris . 




S. America. New (Jiiim-a, 

A Iona uftinis . 

P 




t Nisimopolitau. 

costata . 

P§ 




Kuro! ic. 

„ guttata. 

P§ 




K. Africa, Kurupe. 

„ pulchella. 


p 



Australia, S. America,. 

„ quadrangular is .... 





Europe. 

Oosmppolilan. 

„ roctaiigtila . 

i* 

p 


P 

Rhyneliotnlomi rust,rata , 

i'S 




EuropV. 

Alonelk exeisa . 


i»s 



Europe. 

(.Nylon, X, America. 

„ glnbulosa . 


p 



„ karua . 


p 



Australia, >S. America, 

„ punctata. 

V 




K. Africa, S. America. 

„ diiipliaim. 

V 




Australia, K, America. 

Pieuro.xus similis . 


'i‘8 



S. America. 

„ fitriatus. 


i»S 



Europe, N, America. 

Natal, 

,, assimilis . 

i*5 




(•hvdovus burmisi. 

p 




Asia, X, America. 

sp hitmens 

p 

p 



OoMimpulilmi. 

„ ventriensus .... 

i*8 

p$ 



(ky Ion, S, America. 

„ leonardi . 

p 




Australia, 

,, piger. 

1*8 




Mu rope. 

,, globosus .. 


p$ 



Kurapc, 

i knlaya macro] >s . 


l 1 8 



Asia,, S. America. 

Monospilus dispar . 

p 




Europe, N. America, 

2d genera . 

id P. 

au P. 

1 P. 

5 !».* 


51 species. 

31. P. 

30 P. 

J K. 

1 R, 5 P 



§ Not actually recorded from the lake itself, but from within its ilmimigc arum 

The •list, of Qladocera from the big lakes of Africa diUVro from 
all the eorvexponding lists in the absenco of a column for Tan¬ 
ganyika.. While the group is entirely unwpro,seated in Lake 
Tanganyika itself, various Oladocera occur in the surface tow- 
nettings which I made in the broad mouth of the Lofu River, 
which enters the smith-western corner of the lake. I had intended’ 
myself to report on the Olwlocera collected by the Third Tan¬ 
ganyika Expedition, but I have not yet been able to do so, and 
the specimens from the Lofu remain unexmninod. During his 
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invostigatinns on the (Jopcpoda. and Osfracoda, of the expedition, 
G. O. Bars, however, kindly isolated and identified certain 
01 ad or era. from V r ietoria Nyanza, and Nyasa, and these forms are 
included, in my list of species without further comment, although 
they constitute in some esses new records of distribution. 

'the reason for the absence of (Jladoeem from Tanganyika 
remains a matter for speculation, hub the most likely explanation 
would seem to he that the water of the lake either contains 
certain salts which are fatal to such organisms, or is perhaps of 
too saline a nature to permit them to survive. Colour is lent to 
this view by the already-mentioned occurrence of Oladoeera, 
in the river Lofu and also by the marked difference in nature of 
the .Rotatoria,n fauna, of the lake proper and the river mouth. 
Rousselet (150, p. 704) reports that in a small quantity of 
material from the river he distinguished 2d different species 
of Rotifera, while in a large series of tow-nettings from different 
parts of Tanganyika he was only able to find 10 species, of which 
but one was common to lake and river. It thus seems highly 
proha,hie that though the salinity of the lake water has not made 
it impossible for certain Rotifers to live in Tanganyika, it is at 
least the factor which has determined the striking difference 
between lake and river in this respect. Further, it nifty be 
pointed out that a somewhat similar state of affairs has been 
observed hi the case of the phytoplankton. G. 8. West in his 
report om the fresh-water Algtc of my expedition .states (200, 
p. 9(5) :— “ Of the thirty species observed in this river-plankton, 
only one occurred in the plankton of the Lake itself.” This 
evidence is very suggestive, and appears to confirm the view put 
forward, as it is well known that the distribution of these delicate 
plant organisms is profoundly influenced by the nature of the 
water. 

This is not perhaps tile place to discuss at all fully what is 
known of the nature of the lake water, but the principal features 
may be indicated as follows. The total amount of dissolved 
saline matter is rather higher than in the ease of Thames water, 
but is not excessive. The a,mount of calcium salts is, however, 
low, while salts of magnesium are present in much larger 
quantities than is characteristic of fresh waters. It is an obvious 
suggestion that the presence of this excess of magnesium salts— 
which a,re cha.racteristically bitter to the taste—while not ren¬ 
dering the water unfit to drink, might be sufficient to affect theses 
organisms and prevent them from obtaining a footing in the lake. 

It becomes necessary in this connection to refer to the nature 
of the water of Lake Kivu, which is in direct communication with 
Tanganyika. Here the quantity of saline matter is excessive, 
and indeed most remarkable for a relatively lmge lake. From an 
analysis by Hnndeshagen (103) it appears that while the water 
is almost entirely free of calcium salts, it contains a very unusual 
a,mount of salts of sodium and magnesium - particularly salts of 
magnesium, of which there are more than twice the amount 
present in Tanganyika. 

The plankton of Kivu, among other lakes, was collected by the 
Pkoo. Zoo l. Boo.- 1 920, No. XXXV1IL 38 
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German Central Africa Expedition of 1907 OK, and Brehm, 
reporting on the Oladoeera obtained by the expedition (54, p. BhS), 
refers to the complete absence of these forms from Kivu, and 
expresses tlie opinion that the nature of the water may explain 
the fact, it seems, nevertheless, that a. very occasional specimen 
may be found—presumably in the littoral zone, for in the collec¬ 
tion examined by Brehm was a tube labelled * 4 Surface, bake 
Kivu—one specimen This specimen he failed to find, 

but there is little doubt that such individuals must he curried 
into the lake hy streams entering it. indeed, the conditions are 
probably paralleled in Tanganyika, for nob only does the existence 
of Oladoeera, in the Lofu River suggest this, hut Sars (151, p. <>7) 
actually observed an isolated specimen of Moina during his 
examination of plankton from the lake. Both those records i 
have purposely omitted from my list. 

It only remains to suggest that since the river Itusisi, which 
is the outlet of Kivu, brings a, considerable volume of wader into 
Tanganyika, it is likely that Kivu is the principal source of the 
magnesium salts which appear to have an influence on the fauna, 
of both the lakes in question. 

It would be interesting, and should not prove difficult, to 
determine hy experiment whether Gladocera are susceptible to 
the presence of small quantities of magnesium salts in the water, 
and, if so, whether they Tire affected by amounts too small to have 
any adverse influence on other EntoniostraoaIndeed, a whole 
field of experimental research is indicated, which might go some 
way towards determining whether the very special nature of 
the fauna of Tanganyika may not in some degree be related to 
the unusual nature and quantity of the salts dissolved in the 
water. 

Turning from these matters to a- survey of the list of Oladoeera,, 
it will he noted that 51 species in all have boon em,uaerated. 
Of these, 31 species are recorded from Lake Victoria, 30 from 
Xyasa, 6 from Edward Nynnza, and only one from Albert Nyanza.. 
It is interesting, though perhaps not surprising, to observe that 
an overwhelming majority of the forms wore already known from 
other parts of the world, only 2 species out of 51 being described 
as endemic, to wit Jkvphnia monacha from Lake Albert and 
IX kirimensis from Lake Edward. A number of the forms are 
truly cosmopolitan and many more are known from two or three 
continents, while only four arc restricted to other parts of A frica, 
in addition to the lakes. On comparison with the particulars 
given for the Oopepoda and Ostracoda, it becomes clear that while 
the former group holds an intermediate position, the Ostracoda 
are the most limited in range and the Oladoeera the most 
extended. Of 44 species of Ostracoda enumerated, 33 are described 
as endemic in one or other of the lakes: out of 54 species of 
Oopepoda,, 30 are endemic: while out of 51 species of Oladoeera 
only 2 are endemic. It can hardly be doubted that this is due to 

X brief reference is made by Gurney to bis observations of the injurious effect 
ot magnesium salts cm the growth of fresh-water JJaphiia (97, p, 409). 
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I. 1 ic oxroj>tiona 1 facilities for distribution afforded by the thick- 
shelled resting ’’ eggs of the Uladooera. 

A detailed survey of the distribution of the genera, in the lakes 
dues not seem railed for, hut certain features may be pointed out. 
All the well represented and more important genera appear to 
occur in two or more of the hikes, while it is the less outstanding 
forms which are only known at present from one of the lakes in 
question, Chi/dor as and Aloua are the best represented genera, 
each with (> species, Daphnia and Alonella following closely with 
f> species each. From Albert Nyanza, as already mentioned, 
there is only the record by Erehm (54, ]>. JGS)) of a single species 
of Daphnia. I have, however, in my possession a small quantity 
of plankton from the lake collected in J uly ] 907 by my friend 

II, T. Lei per (c/\ 74), and though I have not yet found an oppor¬ 
tunity of properly studying the Cladocera which it contains, I can 
at least indicate the occurrence of the genera J Capita nosoma , 
J Ioina, Can ip to cere as, A Iona, and Ohydoras. Having made no 
specific determinations, these new records are not included in my 
list of forms, but attention is merely called to them in this place. 
The addition of these genera, to its fauna brings Lake Albert far 
more into line with Lake Edward and the huger lakes. 

To sum up—Lakes Tanganyika and Kivu quite unexpectedly 
contain no Cladocera,. This is very probably due to the salinity 
of the water, and perhaps in particular to the excess of magne¬ 
sium salts in those lakes. Apart from this, the distribution of 
species in the lakes affords little of interest, many of the forms 
being cosmopolitan and only an insignificant number endemic. 

ItaANCUIorODA. 

Although representatives of this group have been found in 
various parts of the African continent, there is. as far as I am 
aware,Only a single record which concerns the lakes under 
review. A species belonging to the family Esther id aj, viz. 
Cpdestherla hidopi, was collected by Fitlloborn in the neighbour¬ 
hood of Nyasa, though not actually in the lake itself (76, p. 159). 
This form, originally described as Esther la, but subsequently 
separated from that genus, is of wide distribution in the tropics, 
and its occurrence in the fauna of Lake Nyasa, has no paxtieidar 
significance. 

Pkntastomjda. 

These parasitic Arachnids have not, .1 believe, been hitherto 
recorded front any African fishes. I obtained a number of speci¬ 
mens of PorocepJudas from Tanganyika fish, encysted forms from 
the body-cavity and others from the intestine. The material lias 
been submitted for expert examination, but no detailed report is 
yet available. Since the specimens came from very distinct 
hosts—a Siluroid in the one case and a large hates (Serranid) in 
the.other,—it may he they will prove to belong to different 
species. It is open to question whether such forms should be 
included in a'description of lake faunas* 


38* 
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UvillJACUNIDA. 

Lt is [>mhable fclia.li tlm .1 S'y a ni<in- oi* the great. A iViomi lakes 
ave but imj>ui*t*ectly known to science, a,I though P.l species in all 
haw. been enumei*n/toil. (Jompa.raiivniy smali a,ml itu*.oisspiruous 
forms as those? mites arc, there son ms little doubt: that a. pan I 
many more speoies will co,mo to light in tho iutmv. .1?ollowing 
on the earliest, collections made by Stuhlmaun, coine those of 
Fulleboni in ami around JNyn-sa and ol Morgect in V ictoria 
JSTyanza. Specimens from both those-lakes and also irom Tan¬ 
ganyika were obtained by the expedition which 1 conducted 
in 1904-05. Jfc seems likely Mint .bake Nyasa, from which 
the largest number of types (Id) is on record, has been bolder 
explored in this direction than the remaining lakes. No 
Hydraehnids have hitherto been collected in either Albert 
Nyaiiza or Kivu. 

Table of Distribution, of HydmchnIda t. 



Tangiui- 

Victoria, 


Edward 

Other parts of 

Name of Species. 

yika. 

Nyaiwa. 

Nyasa. 

Nyan/ai. 

the world. 

Family Hydeop uantiius. 






Georgella ineerta . 



P§ 


Ouilimane, Nossi-lie. 

Diplodontus despiciens . 

P 




Cosmopolitan. 

Family H yg-aobaiidj;. 






liumesia. armata . 


E 




„ oauipumiluta . 


K 




Anisitsiella africa.ua. 


... 

Kg 



Hvgrohat.es edentipalpis . 

E 





Oxu.s stuhlmanm . 


E 




Uuionicula borgorti . 


E 




„ mssipea . 


P 



Europe. 

„ digitatus ... 



i» 


Nuns hi Id. 

» falcifor . 


E 




» tiguralis. 

J* 

P 



Europe, 

j, lyneous . 




E 


„ euimingtom . 



E 



Eaeentridophorus borgorti .. 


E 




kooniktd... 



E§ 



, } spinifer 


• P 

P 


Zan/dlim*. 

Neumann paucipora. 


P 



East Africa. 

„ simulans. 



i v § 


Soudan, Ouilimutic. 

„ spiuipes . 


P 



Europe. 

„ pupil loss. 

E 





Koeuikea tcssellut.a . 

... 

... 

JOS 



Fiona ealigifera. 

... 


I*s 


Madagascar. 

„ rotund us... 


p 



Europe. 

Forelia liliaceu . 

P 




Europe, 

Mideopsis miimta... 

E 





Arrheuurus plenipalpis . 



p 


Mariagasekr, Quilimane. 

M sarciuatus. 



l‘$ 


Madagascar. 

„ deuiatus .. 



E§ 



„ 1 vigorous ........ 





Nosfii-Bd. 

„ voclt/.kowi . 



Pf 

... 

Madagascar, E, Africa. 

14 genera .... 

6P. 

6P, 

8P. 

IP. 


31 species... 

3 E, 3P. 

6E,6P, 

BK.9P. 

IE. 



(«) 

(12) 

U4) 




t For additional information refer to May (76, p, 237} and Soar (172). 

§ Not actually recorded train the lake itself, but from within its drainage area. 
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The distribution in the Jakes of the forms at present recorded 
is made clear by the ml joining list of species, and if will at once 
bo observed that tin) exceptional position held by Tanganyika in 
the ease of other animal groups is not in evidence Imre. While 
I.We possibility is not excluded that further investigation may 
bring to light an unusual number of rema.rkable species in the 
lake, it is not in this group of animals that such a. discovery is 
very probable. JSTyas.a with 14 different forms is closely followed 
by Lake Victoria, with 12. Only f> species are recorded from 
Tanganyika and one from Lake Edward. The number of species 
which are endemic affords no striking contrasts, 5 out of 14 
being peculiar to Nyaxa, and half the total number in each 
case being peculiar to Victoria and Tanganyika. The only species 
known from Edward Nyan/.a is endemic. There are no endemic 
genera, on record. 

A point of more interest is the fact that of ill species men¬ 
tioned in the table, only two have been observed in more than 
one lake, viz. Uniommla Jlijurcilis in Tanganyika and Victoria 
and Enceiilridophorm splnifer in Victoria and JSfyasa. In every 
other case the species from the lakes differ from one another, 
and have been recorded only from a single lake, where, in some 
instances, they are endemic. Although this is so, there is not 
much evidence of that association of certain groups of forms with 
certain lakes, which is elsewhere a. noticeable feature. It may, 
however, be pointed out that both species of Lbnmsia are re¬ 
corded only from Lake Victoria, while all the species of Arrhetmrus 
come only from Nynsa,. Other genera, well represented are 
Uniommla, and JYeuwmiict, but they both have an extended 
range and have representatives in each of the three bigger lakes, 

While 15 species in all are described as endemic, 10 of the 
remainder arc known from otlier parts of Africa, (including 
Madagascar) and 0 possess an oven wider distribution. Under 
these circumstances there seems every probability that future 
exploration will prove many of the types to occur more generally 
in the lakes, though on the whole it may he predicted that in 
a ny case their precise distribution is little likely to afford evidence 
of a, striking character. 

Tardkhiaha. 

It is not surprising that inconspicuous organisms belonging to 
this group have been seldom observed in the fresh-waiters of 
Africa.. Apart from a, record of the existence of these forms in 
the Azores, there is, I believe, only the account given by Dad ay 
(76, p. 236) of specimens which Fiilleborn collected in and around 
Lake Kynsa. The specimens in this collection all belong to the 
species Macrobiotus tetronyw, which Dad ay established to receive 
them. "While this form must be regarded as endemic in Nyasa, 
the genus Macrobiotvs is known to have a cosmopolitan distri¬ 
bution, so that the existence of this particular species in the lake 
is doubtless a matter of little import. 

O M GOOIT.-ETA. 

It is necessary, in compiling an account of the Oligoeluete 
worms from the lakes, to distinguish as far as possible between 
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the purely atpietic and the puixdy OuTestrin.l lonns. Yet Mi is is 
nob a simple task, for not only are there a number of types which 
lie on the border-line, hut even the true earthworms in the 
tropics are xemiaquatic in habit, living in very wet places not fur 
from water. For the purposes of this pa,per, the herder line 
species as well as the true aquatics have been retained, those 
forms being excluded which are generally recognised as earth¬ 
worms. It follows from what has boon said, that even worms 
with specific names such as ttmganylhv have been omitted fiom 
the list when the name has been applied to a, terrestrial species. 

Aquatic Oligoclueta are recorded from live out of the six 
lakes under review, but there is reason to suppose that a. good 
many more records will be forthcoming. The list which follows 
gives the impression of being incomplete, yet it incorporates, J 
believe, all the available information. Since a number of these 
forms are small and inconspicuous, it is not unlikely that they 
have hitherto escaped notice. No species have been reported from 
Edward Nyaim. In a few cases, records have been inserted 
without specific determination. "While these are unsatisfactory, 
they still have a certain value, as proving the occurrence of a, 
particular genus. 

Table of Distribution of Oligockvia f. 


Name of Species. 


Tnngnn- Victoria >* . Albert 
yika. Nyiuiwu JNs * W1, Nvmiy.ii. 


Kivu, 


Oilier parts of 
the world. 


Family Naidomomea. 

Naidium sp. P 

Naissp... ... P 

Dm'osp. ... P 

Anlopliorus stuhlmauni. I<1 

Pristinalongiscta. ... P ... Europe, America, 

Family Allueoituiu’b, 

Alluroides tangsmyikie . P ... ... ... liluuMt. 


Family Mkoascolbctiuk. 


Sub-family Ocnerodrilinm. 

Ocnwodrilus (llyogcnia) 

cunningtoni . E 

Pygnucodrilus affinis . K 

a bipunetatus... '... ... ... P p E. Africa. 

„ bukobensis. 1? 

n grawerti . E 

„ kiwuonaia. ... ... $ 


Family Giossoscoibcidje. 

Subfamily Crwdriliiue, 

Alma emini.. ... R 

«, stublmanni. p 


P ... K. Africa, 


9 genera... 3 P. 4 P. SP. ~gp. j [> t ~" 

14 species... 2E, 1 P. 4E, 2P, a P. 21> ieTp " 

(3) (8) ‘ (S) 


t Tl>e records of these form, from the African lakes are srancwliat wattowl i„ the 

a bibfe p P ^ ,y *° **** (12:18 > .».. 
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An examination of the table of distribution suggests in the 
(irst instants that there are certain gaps in the list wind) future 
investigation will surely fill. 11. is strange, for example, that no 
representatives of the Naidomorphn- have been found in Tangan¬ 
yika, or in the smaller lakes, for it does not seem likely that 
they are entirely wanting. Secondly, it is clear that very few of 
the forms enumerated have been observed in more than one 
lake, half of them being classed as endemic. Out of a total of 
14 species, the highest number recorded from a single lake is 
(> (Victoria Nvanza). 

There is no indication in this case of a marked pre-eminence 
for Tanganyika either in the number or peculiarity of its forms. 
Lake Victoria leads the way with G species, 4- of which are 
endemic, Tanganyika- coming second, with exactly half that 
number (3 in all, 2 endemic). Lake Kivu also contains an 
endemic form. The species are distributed among a large 
number of genera (nine), only two of winch— Pygnmodrilus and 
Alma —are represented by more than a single type. Lake 
Victoria again heads the list with representatives of four genera, 
Tanganyika and Nyn.sa, coming next, each with three. No 
endemic genera occur. 

It would serve no good purpose to review in detail the distri¬ 
bution of the different genera and species, but reference may he 
briefly made to the nature of the OJigochrete fauna of each 
lake. Tanganyika alone contains a member of the Alluroididw. 
This worm— Alluraides twnganyikcv, —was first described from 
Tanganyika, but has since been obtained from Rhodesia, in the 
neighbourhood of the Victoria Falls. Two endemic species 
of Ocnerodrilimn complete the list: there are no Naids or 
Oriodrilines known.—In Victoria Nyanza the types a,re more 
uniformly distributed among the families concerned. Of four 
endemic species, two belong to the genus Pygnuvodrilm and 
one each to Anlaphorus and Alma .—From Nyasa only three 
Naid genera of wide range are on record, Pristina longiseta , 
which 1 collected in that lake, is the only worm in the list which 
occurs outside the continent of Africa, being known both from 
Europe and America. It is strange that other aquatic Oligo- 
ciuctes have not been forthcoming from this lake as a result of 
its careful exploration by Fiilleborn,—Lakes Albert and Kivu 
each contain but two species. Two forms of Pygmwodvihis 
(one endemic) come from Kivu, with one Pygnuwdrilns and 
an Alma from Albert* No Naids have so far been observed. 
These lakes, together with Lake Edward, have recently been 
visited by the German Central Africa Expedition, and it is, 
therefore, the more surprising that no Oligochoete worms have- 
been found in Lake Edward. 

Hirttdinea. 

There is but little known of the leeches which inhabit the 
great lakes of Central Africa: indeed, there appears to be only 
a single published record concerning them, which is that of 
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Blanchard (15) describing forms collected l>v fttuhlniuim. .1 i, is 
In a, measure surprising that these creatures should have escaped 
attention, since they are neither minute nor inconspicuous. 
During my expedition to the great lakes 1 was able to collect, a, 
considerable number of specimens, the majority of which were 
obtained in Tanganyika. Some examples, however, were found 
in Victoria Nyanza (from which a representative hud already 
been recorded by Blanchard), and also in Nyasa,, where they 
constitute a new record. With this opportunity for gaining ». 
fuller knowledge of these forms, it is the more to be regretted 
that no report 1ms yet been received from the expert to whom the 
collection was submitted for examination. 

The leech which is already known from Lake Victoria, was 
termed Ilirvdo hildehrmulti by Blanchard (15, p. 5). It is not 
confined to the lake, specimens having boon collected also in 
Mombasa. In the same paper a new genus and species belonging 
to the family Herpobdellidie is described under the name of tialrfa 
perspicax. This form was collected by Stull maun in Kiriwia, 
which is described as north-west of Edward Nyanza. I have not 
been able to identify this locality, but it appears doubtful whether 
this species should be included in the fauna of this or any of the 
lakes. < *' 

It is hardly safe to foreshadow the results of a proper •exa¬ 
mination of the specimens collected by the Third Tanganyika, 
Expedition. It may nevertheless be stated that they will in all 
probability prove to belong to some five or six different species, 
of which the greater number come from Tanganyika, This is only 
in accordance with what ha,s already been observed in so many 
animal groups. The leeches were found for the most part in 
shallow water, under stones or on shells, but some were dredged 
in about 10 fathoms. 


Nematoda. 

There is hardly any information available concerning the 
Nematodes of the great lakes. In the extensive plank!on 
material collected by Fill Inborn in and around Nyusa, Daday 
detected certain free-living forum, which ho identified and de¬ 
scribed. Reporting on Btuhlnmnn,\s collections, Collin records a 
single specimen of a free-living Nematode (which he leaves 
undetermined) from Victoria Nyanza, and also examples of a. 
well-known parasitic type —Amiris spicnli</em ~~~obtained from a 
pelican on Lake Edward (64, p. 10). 

During my expedition to the three big lakes, I was able to 
procure a considerable number of parasitic Nematodes from the 
fish which passed through my hands. Whether such forms can 
be legitimately regarded as part of the lake fauna may lie ques¬ 
tioned,. but as they are associated in this case with genuine 
inhabitants of the lakes, I am disposed to include them. Un¬ 
fortunately these specimens have not been reported upon, so that 
Uttle can be added to this Imre record of their existence. The 
majority of them are from the body-cavity or gut of Tanganyik 
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fishes, but. some were obtained from a, large Siluroid taken in 
Victoria Nynnzu. In all, tlu-se parasites were collected from 
8 diHermit species of fish, belonging to 8 genera, and 5 families. 
Since these fishes are, with a single exception, endemic forms, 
it is likely that their parasitic Nematodes will prove interesting 
and perhaps new to science. 

it does not seem logical to regard the A scar Is from the Edward 
Nynnza, pelican as belonging to the fauna of that lake, and as the 
specimens 3 collected have not been identified or described, the 
only records available for the purposes of this paper are those of 
the free-living types from Nyasa. The species*, which, a.13 belong 
to the famil} T Angnillulidse, may be enumerated as follows:— 

1 . Monhysterafiillehorni. 

Described as new from a single specimen in the surface 
plankton. 

2. Monhystera vulgaris . 

A species known previously only from Europe. Obtained near 
the mouth of a. river which enters the lake. 

8 . Monhystera similis . 

Likewise recorded fx*om Em*ope and found in the neighbour¬ 
hood of Nyasa. 

4. Trilobus graeilohles. 

This species has been described as new by Do,day. It comes 
from the vicinity of Nyasa, but has also been taken on the 
swampy shores of Lake Dukwa. 

5 . Mononchus tenuis . 

Under this name Dad ay described a single male specimen 
which he found in a sample of mud brought from the bottom of 
Nyasa, at a depth of 200 metres. 

(>. Monochus macrosioma. 

Collected in a pool near the lake. Also known from Europe. 

7 . Darylaimus maerolahrms . 

A European species which appears to be common in the waters 
around Nyasa,, but has not been observed in the lake itself. 

Out of a total of 7 species, 2 may be regarded as peculiar to 
the lake fauna, while one of the remaining forms is confined to 
East Africa. The others are known also in Europe. 

Thus there is no indication that the free-living N cm a tod a of 
Nyasa, are in any way remarkable or specialised, and information 
Is not available concerning either free-living or parasitic types 
from any of the other lakes. 

* Particulars of those will be found in Daday’s monograph (76, p. 44). 
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Rotikkua, 

The Rofcifem of tho African lakes are still very imperfectly 
known, and the table of distribution which follows probably 
gives quite an inadequate idea of the fauna. No information is 
available for Lakes Edward and Kivu, and very little for Lain' 
Albert, Tanganyika, Victoria. Nyanza, and Ny.nsa have boon 
better, though very unequally investigated. The latter has been 
tairlv well explored in this direction by the efforts of Fiilleborn, 
who obtained numerous examples of the lake plankton and, in 
addition, suitable material from neighbouring ponds, swamps, 
and rivers. Tow-nettings from all three hikes were procured by 
my expedition, the largest series coming from Tanganyika, but 
with the single exception of samples taken in the broad mouth 
of the Lofu River, which enters Tanganyika,, I did not collect 
outside the confines of the lakes themselves. Thus, while the 
truly lacustrine types from Nyasa and Tanganyika may he fitly 
compared, the Nyasa total is enormously swollen by species from 
the adjoining neighbourhood, whereas the region around Tan¬ 
ganyika remains almost entirely unexplored. In addition to my 
small collections from Victoria Nyanza, there have been those of 
Stuhlmann, Borgert, and Alluaud, lmt the Rotifera of the rivers 
etc., within its drainage area are likewise practically unknown. 

Table of Distribution of Rotifera f. 


Name of Species. 


Tirngan- Victoria w Albert Other parts of 

yikft. Kvanza. " 1 ' Nyanza. the world, 


Order Ploixjl. 


Notommata copeus . 


p§ 


„ paehyura. 



i»S 

,, tripus . 



p§ 

Plenrotrochu daplmicoln. 

Cephalodella foriicula . 

j*s 


h 

Diasehiza forticata . 



H 

» ffihba . 



PS 

„ tigridia. 



PS 

Monommatu orhis . 



pg 

Dierauophorus auritus . 



H 

„ fompatus ... 



PS 

Enceutnnn candatum. 



pS 

«S 

Epiphancs ohlonga . 



„ clavulatus . 


V 


„ lotos . 

,, brachionus 



i r § 

spinoHua . 



PS 

„ ? macrourus . 


p 

p 


Europe, Asia, N, A merit 
Europe, N. America. 
Cosmopolitan. 

Europe, N. America. 
Cosmopolitan, 

Europe, America, 
Cosmopolitan. 

Evvope. 

Europe, N, America, 
Europe, Asia, N, Amor’ 
Europe, Asia, N, A merit 
Europe, N, America. 


Europe, 

Asia, 


Europe, 8, America, 
Asia Minor. 


f The principal sources from which this table has been compiled are Rousselet 
(150), Collin (64), and Daday (76, p, 59), where further particulars wjll he found. 
It is well to explain that the names under which the species are enumerated are 
mostly those adopted by Harring in his “Synopsis of the Rotatoria”, Washington, 

§ Not actually recorded from the lake itself, but from within its drainage area, 
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Name of Species. 


Tangan- Victoria w Albert Oilier parts of 

yika. Nyau/.a. ,VllM ‘ Nyau/.a. the world. 


llnu'luonus angularis . 


p 

PS 

Cosmopolitan. 

caudatus. 


p 

n 

Rhodesia, N. America. 

„ culyoillorus . 

P 

p 

p 

Cosmopolitan. 

diircas. 



p 

Europe, N. America. 

„ enpsuli Horns. 



p§ 

Cosmopolitan. 

bklentatus . 

,, faleatus .. 


p 

p 

P Asia, Europe. 

Cosmopolitan. 

„ fortieuhi. 


p 


’Europe. 

„ mirabilis . 



p§ 

New Rumen, S. America. 

„ patuhis . 

P§ 

p 

p 

Cosmopolitan. 

„ quadriclentiitnw ... 


p 

p 

„ 

„ urccus . 


p 

p§ 

„ 

Plntyias qtuulriconiis . 

r§ 

p 

p§ 

P 

brevispimis . 

p§ 



Asia, S. America. 

Sclmoeoroa diversicornis 
homoeeros . 


p 


Europe. 

Keratulla coohlcuris . 


p 

p§ 

Cosmopolitan. 

„ quadrata. 

V 

p 

p 

„ 

„ l4 viilga. 

p§ 

p 

p 

P 

Notliolea striata, lulus . 



p 

„ 

Annruiopsis fissa . 



PS 

Europe, N. America. 

Mytilina comprem . 



p§ 

„ lniierojiata.. 



PS 

Cosmopolitan. 

„ „ spiuigora 



PS 

Europe, Asia. 

„ ventral is. 

i J § 


j;§ 

Cosmopolitan. 

„ „ brevispinn. 

Euehlnnis dilatata . 

p 


p 

» 



PS 

„ 

„ oroplui. 

i v § 

... 


... Europe, N. America, Australia. 

„ triquetrn . 


PS 

Cosmopolitan. 

„ „ byiilimi.. 

i v § 



Europe. 

Diplciiehlauis propatula . 

Luca no aissensis . 

p§ 

PS 


Europe, N. Americsi, Asm. 

p 

... Europe, N. America. 

„ lipn.rn . 



PS 

PS 

Europe. 

Cosmopolitan. 

„ bum. 

p 


„ leontina . 

PS 


p§ 

Asia, America. 

„ lofuunsi .. 

,, ungulutn ..... 

KS 

p« 


PS 

Europe, N. America, Asia. 

Monnstvin. bulla . 

p 

p 

p 

P Cosmopolitan. 

„ hmaris . 

PS 

p 

Pf 

... „ 

M bn main . 


PS 

... Europe, America. 

Lopadella ovabs .. 



p 

p§ 

Cosmopolitan. 

„ acuminata . 



» 

„ cristnta.. 



PS 

Europe, N. America. 

„ patella . 



p§ 

Cosmopolitan, 

Oolurellu colura ... 



PS 

Europe, N. America, Australia. 

„ adriatica . 



PS 

... Europe, Asia. 

,, bieuspidatu . 



PS 

... Cosmopolitan. 

„ deilexa, .. 



PS 

Europe, America. 

„ miciiuitrt . 



PS 

Europe. 

Triclmtria poeillum . 



p 

.... Cosmopolitan. 

Scandium longicuudum ...... 



p 

... JS 

Pedalia mint . 


p 


Eilinin longisota . 

... 

p 

p§ 

5J 

Tutruumstix opoliensis ... 


p 

V 

... Europe, Rhodesia. 

Tricbocerca bicristata . 

p§ 



Europe, A sia, N. America. 

„ eristata. 


p§ 

Cosmopolitan. 


§ Not actually recorded from the lake itself, but, from within its drainage area. 
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Tamran- 

Victoria, 


Albert Other parts of 

Name of Species. 

yika. 

Nyany.ii. 

Nyasii. 

Nyanza. the world. 

Trichoeeresi elongate .. 



P§ 

Cosmopolitan. 

„ iernis . 

P§ 



Europe, N. America. 

longiseta . 

P§ 



Cosmopolitan. 

„ lnacora . 

I*S 



Europe, N. America. 

rattus . 



P 

Cosmopolitan. 

„ seipio. 



PS 

„ 

stvlata . 

P 


I s 

Europe, S. America. 

Piurella stylata . 



p 

Europe, N. America. 

„ tenuior . 



p§ 

Cosmopolitan. 

„ tigris .. 



PS 

„ 

Syneluefca oblouga. 

P§ 


p§ 

Europe, N. America, Australia. 

„ pectinata .. 



p 

Cosmopolitan, 

„ tromula. 

... 


p§ 

„ 

Polvavthratviglii . 

P 


p 

... 5? 

Spliyrias lofnana ... 

PS 



N. America. 

Asplanehna brightwollii . 


P 

v 

Murope, N. America, Australia. 

,, intermedia . 

p 



Europe, N. America. 

AspUnchnnpas multieeps ... 



p§ 

Cosmopolitan. 

Testudmella patina . 



PS 

„ 

„ trilobata . 

p§ 



Australia. 

Order Ritizota. 





Flosculavia ringeuR . 



PS 

Cosmopolitan. 

Limuius melicerta . 



P§ 

,, 

Ptvgnra mucieola. 

p§ 



N. America. 

Simntberiim spinosa . 



PS 

Cosmopolitan. 

Conochilus hippocrepis . 



p§ 

• “ 55 

Collothoca oniata. 



p 

Europe, N. America, Australia. 

Order Bdelloida. 





Philodir.a eitrina.. 



P§ 

Cosmopolitan. 

„ omini ... 


E§ 



„ roseola .. 



p§ 

Cosmopolitan, 

Rotifer macroceros . 



P§ 

„ 

„ macrurus. 



Pjj 

••• jJ 

„ vulgaris, . 


p's 

pi 

Mt „ 

,, actimirus. 



p§ 

... 

4-2 genera . 

10 P. 

13 P. 

37 P. 

4 P. 

105 species and subspecies... 

1 E,28P. 

1E.24P. 

IE,841*. 

4P. 


(29) 

(25) 

(85) 



§ Not actually recorded from the lake itself, but from within its drainage area. 

Attention has already been called to the fact that the Rotifora 
of Nyasa are in all probability better known than those of the 
other lakes. Of 105 forms enumerated, 85 are reported from 
that lake, while only 29 are given for Tanganyika, 25 for Victoria 
Nyanza, and 4 for Albert Eyanza. Examination of the Nyasa, 
records shows that a much smaller total has been observed in the 
lake proper, and indeed it is the latter figure, compared with cor¬ 
responding figures.froin tlie other lakes, which affords a truer basis 
of comparison than those given above, since the forms collected 
from the surrounding neighbourhood are almost unknown except 
for Kyasa. Disregarding Albert Nyanza—from which informa¬ 
tion is very meagre,—the totals of those Rotifers taken within 
the limits of the hikes themselves are found to beNyasa. 22* 
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Victoria Nyanza 21, and Tanganyika only 8. Clearly there is 
little disproportion between Lakes Victoria a,ml Nyasa, but Tan¬ 
ganyika shows a marked reduction in number. It is probable 
that the low figure for Tanganyika proper lias some relation to 
the nature of the lake water, which appears to he somewhat un¬ 
suited to these organisms. Kousselefc points out in his report on 
my collections (150, p. 794) that there is a striking difference 
between the scanty Rot if e ran fauna of the lake and the far 
richer fauna which lie observed in a small quantity of material 
from, the Lofu River. Tanganyika water contains an unusual 
amount of magnesium salts, and though very little is really 
known concerning the influence of such salts on fresh-water 
organisms, this seems likely to be the cause of the dissimilarity 
between lake and river in this respect. The matter has already 
been discussed in some detail in connection with the complete 
absence of Oladocera from the lake (cf. p. 569). 

On examining the list of Rotifera more closely, it will be 
observed that with three exceptions, the forms are all known 
from other parts of the world, many of them, in fact, being 
cosmopolitan in their distribution. A single endemic species is 
enumerated from each of the three bigger lakes, but apart from, 
Leccme lofuana described from the Lofu River, these are of only 
doubtful value. The facilities for dispersal which the Rotifers 
possess are well known, and quite account for this wide distri¬ 
bution. In the case of these organisms, therefore, no deductions 
of any value can be made from the presence or absence of a 
species in a particular lake, and the interest attaching to a com¬ 
parative table of distribution is, in consequence, small. 

In" or does a study of the actual genera and species occurring 
disclose features of much significance, although one or two com¬ 
ments may be offered. In all, 42 genera are enumerated, of 
which again the largest number is found in Nyasa. Those best 
represented are Brachionus with 12 species, or well-marked 
varieties, Trichocerca with 9 and Leccme with 0, while nearly all 
the more important genera are known from at least two of the 
lakes. Certain cosmopolitan species have been identified from 
all the four lakes under consideration. There is little to note in 
the way of unexpected forms or of types unaccountably absent. 
A subspecies of Brachionm — B, capsarm B-ideniatir*#, —whiel \ 
was isolated from the Albert Nyanza, material, is apparently very 
ra.ro, having been observed only in Calcutta and more recently in 
Bulgaria. furthermore, Rousselet has pointed out that the 
genus Asplanchna is recorded from the lakes, but has not been 
obtained in South Africa.—In conclusion, it will he observed that 
as in the case of the Oladocera— which are also of extended distri¬ 
bution,—there is no indication of an exceptional fauna, peculiar 
to Tanganyika, or indeed to any of the lakes. 

Gastrotrioha. 

Representatives of this group may eventually prove to be 
widely distributed in the African lakes, but at present there is 
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little information at hand concerning them. An account of 
certain forms collected by Stuhlmann at Bukoba, Lake Victoria, 
is given by Collin (64), while other species which Fiilleborn 
obtained in the neighbourhood of Nyasa have boon idonhiliod by 
Da,day (76, p. 56). No Gasbrotriclia were observed by me during 
my expedition to the great lakes. The species* may be enume¬ 
rated as follows:— 

1 . Lepuloderma sq uamaium. 

A species well known in Europe and occurring also in North 
America. A single specimen was collected in a, pool near the 
shores of Nyasa. 

2 . Lepidoderma JitfStrLe. 

Under this name Dad ay described a form obtained from the 
same locality as the above. It lias not been observed elsewhere. 

3 . Ichthydinm macrurum. 

Tiiis typo wars described as new by Collin, but the species rests 
upon a diagrammatic figure and a very incomplete description. 
It was found at Bukoba, a station on the shores of Victoria. 
Nyanza, and has not been re-discovered, so that it may be looked 
upon as a species of rather doubtful value. 

4. Ghationotus formoms . 

This form, like the two species of Lepkloderuia^ has been 
identified from the vicinity of Lake Nyasa. Previous to this 
discovery it was only known from North America. 

5 . Ghoitonoim pnsillas. 

A single specimen of this type, hitherto only recorded from 
Paraguay, was isolated by Daclay from material collected in the 
Mbasi River close to its entrance into Nyasa. 

Two species of Ohwtonotm are, according to Collin, among the 
Gastrotvicha which Stuhl matin recorded from Lake Victoria, but 
in neither case has it been possible to identify them further. 
Brief notes made on the spot, accompanied in one case by a sketch, 
form all the information available. It is doubtful whether either 
of these types was observed in water from the lake itself. 

6 . Gossecc pauciseta. 

Another species previously known only from Paraguay. 
Several specimens of this were obtained from a pond in the 
Nyasa district* 

On a survey of this list the following facts appear. Five 
species are on record from Nyasa, one of which is peculiar to that 

* For further particulars of these forms, consult Collin (64, p. 9) and had ay 
(76, p, 56). 
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lake. From Victoria Nya.nza three different forms have been 
reported, of which one was described as new and has not been 
found elsewhere. The two remaining types were not specifically 
identified, and indeed all three species from this lake rest on 
a somewhat insecure basis. None of the recorded species occur 
in both Victoria, and Nyasa, and it appears probable, that none 
were actually observed in the waters of the lakes themselves. 
No Gastrotriclia are known at present from any of the other 
African lakes. 

TURIJELLAlilA. 

There can he little doubt that Turbellarians are relatively 
uncommon in the lakes as well as in other parts of Central 
Africa. Btuhhnann, a careful observer, who had opportunities 
for collecting in many parts of the country, remarks on the 
scarcity of these organisms, and in particular on the scarcity of 
the fresh-water Dendrocmls, which are usually common in ponds 
and streams (181, pp. 1262 & 1268: 182, p. 652: 185, p. 349). 
During my expedition to the great lakes, 1 only observed Turbel- 
larians in Tanganyika. They were found on the under side of 
stones in shallow water, and all proved to belong to a single 
species of the well-known genus Planar la. Prior to the 
description of this Tanganyikan form by Laidlaw (107), the only 
work dealing with species from the lakes was that of llohmig (17), 
who reported on the collections made by Btuhlnmnn. Unfortu¬ 
nately, the accounts in this paper are based almost entirely on 
sketches and notes made on the spot, which often lack details of 
importance for systematic determination. Although the records 
must thus be regarded as of doubtful value, 1 insert them here 
without further comment. The following species'* come within 
the scope of this survey :— 

1. Planar la tcmgany ihw . 

This is the type from Tanganyika, to which reference has been 
made. It is the only species known from that lake and has not 
been obtained elsewhere. 

2. Stenostoma leucoyw. 

A form known in Europe and also in North America. On the 
evidence of drawings, recorded from the neighbourhood of 
Bukoba, on Victoria Nyanza. 

3. Stenostoma stuhhnannL 

Described as new by Bohmig from Stuhlmann’s notes and 
sketches. Observed at Bukoba, Lake Victoria and unknown 
elsewhere. 

4. Stenostoma gilvimi . 

Another species based only on a drawing and a few notes and 

* For details, consult the above-mentioned papers: Bobm iff (17) and Laidlaw 
(107). 
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recorded from the same locality as >S. xltfM.tunmL Nothing 
further is known of this form. 

Examples of two species of Sh'iioxloiiui from Bukobu, wmv 
among* the material examine l by Biihmig, but their unfavourable 
state of preservation did not permit of nearer idem tilicai. ion. 

5. Gym,tor hennap/iroditits . 

A pelagic Turhellarian collected in Victoria JNy&nza is identified 
with this species by Biihmig. It is well known in Europe. 

6. Vortex quadridens. 

This typo is established merely on the evidence of sketches and 
notes by Stuhlmamn It is admitted that certain important 
features of the genital apparatus are unknown. Obtained from 
stagnant water at Bukoba. 

From the above it will bo observed that Turbollaria are only 
recorded at present from Lakes Victoria and Tanganyika. From 
Victoria Hyanza and its neighbourhood five forms have been 
specifically identified, three of them being peculiar to the hike. 
There are, in addition, two types which are unnamed. These 
records of Bdlmiig, however, need confirmation, as they are based 
on very meagre evidence. From Tanganyika a single endemic 
species is known, which belongs to the widely distributed genus 
Plmv.M'in A JSFo doubt further representatives of this group will 
eventually be found in the great lakes, but they appear to bo less 
common than might have been expected. There is no suggestion 
of a striking Turhellarian fauna in Tanganyika and little indica¬ 
tion that such will be discovered in the future. 

Trematoda. 

Practically nothing is known of the distribution of these 
exclusively parasitic animals in the lakes of Africa, Following 
the argument advanced in the section dealing with the Momatoda, 
it seems only logical to include such forms in a lake fauna. Jn 
the ease of these organisms they may be obtained in the free- 
swimming* larval stage, or infesting an intermediate Mollusea.n 
host or in their final vertebrate host. As far as 1 am aware, the 
description given by Daday (76, p, dh) of two Oercaria, tar vie from 
the neighbourhood of Nyasa is the only account which concerns 
any of the lakes. Both were found in material from ponds near 
JSTyasa and were described as new lame, though it seems doubtful 
whether such determinations have much systematic value. They 
have received tiie names of 41 Gercaria” sehizocisrea and ^ per ear 
hopbpkora 76, p. 288). 

* It seems clear that Stuhhmnn’s statement that Planttriaus cannot survive 
temperatures of over 25° 0, (185, p. 3 10) is not universally true. The specimens I 
collected in Tanganyika were taken in quite shallow water, where the temperature 
tends to be highest, yet my thermometer readings for the surface of the lake showed 
a higher average than 25°. 
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[u the course of mv expedition I collected in Tanganyika a few 
Trematodes which are parasitic on fish. They constitute a. new 7 
record for this lake, hut have not yet been examined and 
described. The specimens were la,ken from large Sihiroids, in 
one case from the gill-arches, in another from the gut. 

Oestoda. 

As far as I have been able to ascertain, no records have been 
published of tape-worms from the lakes included in this survey, 
although Daday described two new larvie which he observed in 
Hast African (Jopepods. Different forms of tape-worm proved 
common in the gut of fishes examined for parasites by m y 
expedition, and I succeeded in getting a considerable number of 
specimens. These all came from Tanganyika,, where .1 had better 
opportunity than elsewhere to seek such organisms, but it is 
clear that systematic, examination would not only bring to light 
enteric parasites from the fishes of other lakes, but woidd result 
in a far richer series from Tanganyika. My material has only 
received a> preliminary examination, so that little information 
can yet he given as to the nature of the Tanganyika, forms. A 
species which occurred abundantly in an endemic Siluroid proves 
to he one of the unsegmented Oestodes, and has been referred to 
the genus fUtryophyllcvus . It has not been more fully identified. 
Almost all the remaining specimens come likewise from endemic 
fishes belonging to dliferent genera of Cicldids and Sihiroids. 
Thus it is quite probable that other species of tape- worni--perhaps 
new forms—are represented in the collection. It is to he Imped 
that the investigation will shortly he completed. 

Cog lent eh ata . 

The only representatives of this group at present recorded are 
the common fresh-water Hydra and the medusa which so stimu¬ 
lated interest in the fauna of Tanganyika. Stuhlmann obtained 
specimens of Hydra from Victoria Nyanza which resemble the 
common //, /bsm, though Weltner, reporting on this material, 
would not venture to identify the species in the absence of eggs 
(199, p, !i). Hydra has never been discovered in any of the other 
lakes so far as I am aware, which is perhaps rather strange. 

The Tanganyika, medusa was described by It. T. (hinther under 
the name of fAmtocmda tunganicai * (94), and being peculiar to 
the lake, was, of course, regarded by Moore as one of the most 
striking hulolinrmic or relict forms. The significance of its 
occurrence in this lake in the heart of Africa, which communicates 
with the sea only by some thousand miles of river, broken by falls 
and rapids, was obvious, especially since the number of fresh¬ 
water medusa) then known was very small. Discoveries made since 
Moore’s expeditions, however, have put a very different complexion 

* The specific name is that of Kohm, the discoverer of the medusa, who wrote it. 
“ tmiyanjicmA I follow Gunther (90, p. 051) and most subsequent writers in 
adopting tamjav-ietB as a more rational gpcdlmg, , 
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on Urn matter. Kmsh-waim* jolly-iislios of oilier typos have lu'cn 
found in the Yang-Iso Khmg, in a la Uy in Kgypt a ml in Urn 
Caspian, Moreover, the distribution of tlm ^muis LIumorttitfa 
itself lias prove*! wider to an unforeseen extent. In August 1D0.T 
}l medusa. \va,s discovered in the greet Ka viromlo (\ till’ of Victoria 
Nyanza and another in a, fresh wafer lagoon in the Niger delta. 
The specimens from Lake Victoria, were submitted to <5iinfhor, 
who pronounced them indistinguishable from the langeuyika 
species, though ho subsequently .modilied bis view, and described 
them ns L. taiujam&v. vn,v. rlHoriiv (98, p. Ufil). The Niger 
medusa, 1 were reported on by JM. T. lirowne, who considered tlumi 
undoubted specimens of />. imujaimuv (53 : 57 b In 1 DOS, medusa* 
were fouml in a. tributary of tho #M,mb<»zi. These were regarded 
}>y <J. L. Roulenger as specifically different from (be Tanganyika 
form, and were mimed by him J/nuvoadda r/tadmitr (18, p. 429). 
The latter sj)ecies has still more recently (191 U) been obtained 
from another part of Rhodesia, where it occurred in a. tributary 
of the Limpopo River (11). Remarkable as it was to ibid Ibis 
genus so widely distributed in Africa, tho discovery of a. species 
in Indin in 1911 was more remarkable still (8). This type, 
which comes from streams in the Western <5hats, differs slightly 
from the African species, and was termed L. hi dim by Annan** 
dale (9). 

Tho bearing which these discoveries have on the problem of the 
origin of tho Tanganyika fauna, needs little pointing out. There 
can he no hesitation in deriving medusa* from the ocean, and 
when Tanganyika was believed to he the only locality in the 
whole continent in which such organisms occurred, the lake was 
naturally regarded as unique, and the rnedusje were tanked upon 
as strong evidence in favour of a marine origin for its fauna,. In 
the light of present knowledge, this evidence becomes greatly 
weakened. If Limvoonida is to be regarded as a relict form, it 
has now attained so wide a distribution that its presence no 
longer singles out Tanganyika as a, probable Roliktcnsee." 
Moreover, it must be noted that tho new records are none of 
them from the basin of tho (Jongo, whore the medusa, should 
be forthcoming in accordance with Moore's view of the origin 
of the lake. — The finding of a species of T/tmifmdda in India 
affords another example of those Afro-Indian affinities to which 
reference has more than once been made. 

It will he more satisfactory to postpone a consideration of the 
sources from which the medusa may have been derived, until the 
general discussion—which will follow this systematic account- of 
the zoological and of other evidence. 

PolUFBRA. 

Representatives of this group are known at present only from 
the three largest of the six lakes under consideration. * Since 
however, fresh-water sponges are usually inconspicuous objects, it 
is very probable that sooner or later specimens will he found 
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in the other hikes although Selmhoiz slides f;imi, he complel ely 
failed to Mini any in Kivu (156, }>. xiv). Tin 1 species from 
Victoria Nyanzn, a,ml Nvusm. are <]uiio ordinary forms, but those 
known from Tanganyika. exhibit divergences of a.t. least specific 
rank from the typos collected in any other part of the continent. 
Of the eight species enumerated in the adjoining table, seven 
belong to the eosmojKilita.il fresh-water genus A 'pou<j<Iht, the 
eighth - about which do ill its have been raised being referred 
provisionally to the genus Potamoleph. 

Table of Distribution of Par if era f. 


Name of Species. 

Tangan¬ 

yika, 

Victoria. 

Nyanza. 

Nyasa 

Other parts of 
the world. 

Family KroNOiLun.r. 
Spoiigilbi biseriata 

bblnnii . 

cur tori . 

„ ummingtom . 
,, moorei . 

‘ P§ 

K 

10 

P 

P 

lOgypt. 

K Africa. 

Hungary, India. Java. 

,, nitons . 

Pi> 



White Nile. 

„ tanganyikm . 

Potumolopis weltneri 

K " 

10 



8 species . 

. 110, 2 P. 

1 P. 

1 P. 



§ Nut actually recorded from the lake itself, hut from within its drainage area. 

The distinctness of the fauna, of Tanganyika, is once more 
exemplified in the ease of the sponges, and is shown graphically by 
the above list. While Victoria. Nyanzn and Nvasa each contain a, 
single species of somewhat extended distribution, Tanganyika 
contains six other types, four of them (those occurring in the* 
waters of the lake itself) being endemic. 

The forms from Lake Victoria, and Nyasa, both of which were 
obtained for the first time by my expedit ion, do not (‘all for much 
comment.. PpotttjUla carterL now known from Victoria Nyan/.n, is 
the only sponge from the lakes to occur outside the continent of 
Africa. While it occurs in Europe, its occurrence also in India and 
Java is noteworthy in view of the albmitiex of other African and 
Indian types to which reference has already been made. Five 
species of A 'pontfilla have been recognised from the Tanganyika 
area, three of them—all endemic from the lake proper, and the 
remainder from the IJgidkv River, a. tributary of the iMalagarasi, 
which in its turn enters the lake. The forms from the tlgnlla. 
River, A7 hohmii and A', minis , occur also in other parts of Africa. 
Following the usual procedure, from which it is perhaps illogical 
to depart, these species are inserted with an explanatory footnote 
in the Tanganyika column, hut it may he pointed out that the 

* Sponge spicules wore observed by West in tow-nettings wade in Albert Nymr/a 
(201). It is probable that those occurred in the sample obtained from near the 
bottom in about 30 feet of water. 

f The principal source of information on this group 1ms been Kirkpatrick (105)» 
where references to other authors are given, 

, 39 * 
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district from which they coma is some 200 kihmiH res or mmv 
east of the lake, and that they show foist African rather bhan 
Tanganyikan affinities. 

The last of the forms enumerated Rattmolrph s* vrlhuri—- was 
established by Moore (137, }>. 323), and regarded by him as peculiar 
to Tanganyika.. Moore explains that a, small specimen of this 
sponge was dredged in the lake from great depths during his 
second expedition*. It has never keen adequately examined and 
described, but Weltner expressed the opinion that it was a. 
distinct species, with a framework very similar to that ol Ayam ■ 
tplla bdJmii. It was accordingly given the specific name vr/hteri 
and placed provisionally in the genus I'otumolrpix. Kirkpatrick, 
who lias also examined some of the material, expresses the view 
that these two species may possibly he synonymous (105, p. 222). 
It is perhaps well to leave the mat.ter mh judioe, particularly a.s no 
further supply of material has been forthcoming to aid in deciding 
this point. Moore’s comparison of the spicules of this sponge 
with those of the genus Remem (which he misquotes u Rwt iwia'') 
does not strengthen his ease. Instead of being u 1he old fossil 
genus ” (loe. tit* pp. 331: 354) it would ho more accurat ely de¬ 
scribed as the recent marine and brackish-water genus- although 
fossil representatives also exist in the tertiary strata. In con¬ 
clusion it may bo stated that despite the suggested resemblance of 
the s]denies of PoiamoUpis weMneri to those of llenierti, the 
sponge fauna, of Tanganyika consists essentially of fresh-water 
and not marine types, although the forms inhabiting the lake are 
peculiar to its waters. 

Protozoa. 

It is to he regretted that the Protozoa, of Tanganyika, have not 
yet been investigated. There are, it is true, a. few species to 
record, but these are principally forms belonging to the ITyto¬ 
il a gel hi,ta, which are enumerated in the report on the Alga, 1 of my 
expedition (200). This is the more unfortunat e, wince a, good deal 
of information on this group is forthcoming respecting 'Victoria 
Nyamza and Nyasa, although much is probably unknown. There 
is no reason to suppose that such a. marked disproportion really 
exists between the Protozoan fauna of Tanganyika and those of 
the two other big lakes; indeed, the evidence afforded by many 
groups of animats suggests that Tanganyika, is likely to lead the 
way with a larger and-more unusual assemblage of species. An 
examination by a protozoologist of the extensive series of tow- 
nettings and other suitable material which I brought from the 
lake should go some way towards determining tins point, and it 
is to he hoped that this will he carried out in the near future 
Prom Albert Nyanza there are a few forms recorded among the 

* It may be mentioned in this connection that the species obtained hy Moore’s 
first expedition were, through some misunderstanding, said hy Ivans to have come 
from a depth of 350 fathoms {82, p. 4tl), Moore himself states (127, ):>. 405) that 
on this expedition 1200 feet (200 fathoms) was the greatest depth at which he % as 
able to dredge. These sponges are not in reality deep-water forms, for, daring the 
third expedition ? I found them living in quite shallow water at the lake margin 
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Phytoplankton, and from Edward Nyanza, a, single species of 
JUiizopod, 1ml) it is obvious that these lakes i.oo a,re quite 
unexplored as yet. Nothing is known of the Protozoa of Kivu. 

Table of Distribution of Protozoa f. 


Name of Spocios. 


Ttuigan- Victoria xr Albert Edward 

yilia. Nyan/.a. '' tVl ‘ Nyan/.a. Nyanza. 


Other parts of 
the world. 


Class UlIIZOPODA. 

Order ho nos A. 

Amoeba protons. 

P 



Cosmopolitan. 

Areella npicatn,... 

V 



K. Africa. 

„ dentata. 


H 


... Cosmopolitan. 

„ discoides .. 

„ joamudi. 

k§ 

E 

V 


Europe, N. America, Australia. 

„ mitrata. 

P 

p§ 


Europe, N. America. 

„ vulgaris . 

P 

p 


Cosmopolitan. 

? Hyalosphenia papilio. 

P 



Europe, N. America. 

Cuadrulu symmetrica . 

P 

p§ 


Europe, N America. 

Dilllugia acuminata. 




Cosmopolitan. 

„ constricta .' .. 


p§ 


Europe, N. America. 

„ corona. 


V 


Euro])e, N. America. 

„ glolmlosa . 

P 

V 


Cosmopolitan. 

limnefcica . 

P 



Europe. 

„ lobostoma. 


p§ 


Cosmopolitan. 

„ pyriform is. 

„ ureeolata . 


p 

p 


Cosmopolitan. 

Europe, N. America, Australia. 

(Vntropyxis aculeata .. 


p 


Cosmopolitan. 

Nebula eariuntu. 




P Europe, N, America. 

,, col laris . 


pt; 


Europe, N. America, Asia. 

„ lageniformis. 




Europe, N. America. 

heciiucnnisia spiralis . 

P§ 

i*S 


Cosmopolitan. 

Kiigiypha alveola!,a. .. 

P§ 



Cosmopolitan. 

„ ciliata . 

i’S 


Europe. N. America, Australia,. 

Trimnna, emhelys. 

P 

P$ 


Cosmopolitan. 

(Jyphoderia ampulla. 

P 

p i 


Europe, N. America. 

Order Hbuozoa. 

Ad'inosphiuntim eichliornii.. 


p§ 


Cosmopolitan. 

Hapliidioplirvs elegaus .. 

P 


Cosmopolitan. 

Clalhrulimi stub Imamu . 

P 



East Africa. 

Class SIASTIljOI’IIOm, 

Unlcr Uu],'U<int,i,AT.i, 

Eugleua aeus. 


r§ 


Cosmopolitan. 

„ Kpirogvni . 


p§ 


Cosmopolitan. 

,, viridis. 

P 

p 


Cosmopolitan. 

Europe. 

Colacium calvmn .. 


p 


Traelielomonas annulata. 


p§ 


H. America. 

„ hispida 

„ ovalis . 


1*5 

H 


Cosmopolitan. 

„ 1 volvocina . 


i»j 


Cosmopolitan. 

hepocinclis ovum. 


p§ 


Europe, Australia. 

Phacus longicaudus.. 




Europe, Asia, America, 

,, phmrouectes... 


PS 

p 

Cosmopolitan. 

Pandoriua momm . 

,P 

p . 


Europe, Asia, America. 


+ The majority of these records will he found in the accounts given of East 
African forms by Schaudiim (154) and Daday (75: 70, p. <>), where further 
particulars are given. 

§ Not actually recorded from the lake itself, hut from within its drainage area. 
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Name of Species. 


Tangau- Victoria Al!n*rt Edward 

yika. Nyaux.u. i ' l ‘“ Nyniix.a, Nyanza. 


Other parts of 
the world. 


Eudorma degauss . 

Yolvox africanils . 

„ aureus . 

„ globator . 

Order I) in of lag el pat a. 
Cevatium bracliycorns . 


hinuidinellii. P 

„ macroceros . 

Peridinium afrieamum. P 

„ liemlinensc. P 


„ inconspicuum ... 

pulatinmn .. 

M sjuadridens. 

„ tubulatum. 

PerifliniopsiK emmingtonii ... K 

(ilenodinium pulvisculus ... P P 

Class Cl LI AT A. 

Order Olid at a visit 4. 

Endtdvodou farctus . 

Oolops hirtus. 

Loxophyllmn melwigris. 

Trachelins ovum . 


I Mir pi Up itUM A . 

Nassula, sp. P 

Colpidimn sp. P 

Pavamueeuun auivlia . 

Spirostomum ambiguum. P 

Condylostomu sp. . P 

Htentor roeselii . P 

Tintinnopsis ovalis . 

Uronycbia pan pern . 

Tridmdina sp. P 

Vorticelk luiiaris. 

j, microstoma. P 

„ liehulifem. P 

Zoothamuium arlmscula. 

,, purasita. 

Epistylis anastatica.. P 


„ plicatilis . 

„ umbdlaria, . P 

Opercularia nutans . P 

Cotlmvnia erystullina . P 

„ iiicisa. E 

3 , lobata . K 


P 

p' § 
1’S 


P 

P 


V 

p 


V 

vi 

p 

p 

l* 


PS 


V 

E$ 

vi 

p 

Vi 

p§ 

p$ 

vi 

V 

PS 

PS 

p§ 


Europe, Asia. 

E. Africa. 

Europe. 

Europe, Asia, America. 


Cosmopolitan. 

Europe, Asia. 

Europe. 

Cosmopolitan. 

Europe, 

Europe, Asia, S. America. 
Cosmopolitan. 

Europe, Australia. 


Europe, N, America. 
Cosmopolitan. 

Europe, N. America. 
Cosmopolitan. 

Europe, America, Australia. 


Cosmopolitan, 

Cosmopolitan. 

Europe, America. 
Europe, 


Europe,N,America, Australia. 
Cosmopolitan. 

Europe, America, Australia. 
Europe, America, 

Europe, 

Cosmopolitan. 

Europe, S America. 

Europe, N. America. 

Europe. 

Europe, America, Australia, 
Cosmopolitan, 


Order Sitiotua. 

Porlophyra sp... V 


Tolrophyra rvclopum .... 

? Aeineta svmbiotica . 

1 ,, tnWosa . 


vi 

p 

PS 


Europe, N. America, 

E, Africa, 

Europe, Asia. 

|v,' 48 genera.. 

. OP, 25 P. 

U P. 


IP. 

| 87 species. 

...... IE,op. 

(7) (37) 

2E;f»8P. 

m 

4- P, 

IP. 

| § Not actually recorded from the lake itself, but from within its drainage at cm. 

1 ■ ■ 
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The most obvious comment on the table of distribution is the 
great inequality in the totals recorded from the biggest lakes—an 
inequality which is obviously due in this instance to unequal 
investigation. Of the 87 species enumerated, 60 occur in Nyasa, 
67 in Victoria Nyanza,, anil only 7 in Tanganyika. While it is 
impossible to predict what figures will he forthcoming when the 
Protozoa of the lakes a,re better known, the figures at present 
available are merely an index of this disproportionate investiga¬ 
tion. The records from Nyasa. are the result of the extensive col¬ 
lections made by Fiilleborn, which were reported on by Da,day (76). 
It will he noticed that more than half the species identified were 
not obtained in the lake itself, but came from river mouths, 
pools, and swamps in the vicinity. Victoria, Nyanza, has been less 
adequately explored in this direction, smaller collections being 
made by Ktuhlmann and more recently by JJorgert and. others. 

In his hook on the Tanganyika Problem, Moore devotes a few 
paragraphs to the Protozoa of the lake (137, p. 323). The two 
forms which he mentions by name—a. Condylostwina ;ind a large 
Infusorian which lie refers with some hesitation to the genus 
(Jolpidmm — have been inserted in the table of distribution, lie 
describes the Litter organism as the cause of the yellow clouds 
which occur on the surface at times and make the water appear 
“as if tinged with a fine golden dust.” Tibs effect was also 
observed by Livingstone, who thought the yellow scum to be of 
vegetable origin. X have repeatedly observed the phenomenon 
myself, not only on Tanganyika, but on Nyasa, and without 
denying other possibilities, 1 can confidently assert that it is 
usually due to limnetic Alga*. In conclusion, Moore remarks that 
be found some twenty types of Protozoa belonging to groups 
common in tropical fresh-waters. 

A, consideration of the list of species shows that in the 
grout majority of eases the forms are widely distributed if not 
cosmopolitan in range. Thorn are very few endemic species 

enumerated.four in Lake Victoria, two in Nyasa, and one in 

Tanganyika,—and most of these arc of little interest. Peridhti- 
opsdti cH.nnhnjton'd from Tanganyika, and l<roti)feh/ht paupera from 
Nyasa, a,re perhaps of more interest, since in each case they are 
only the second described species of the genus. Forty-eight 
genera a,re mentioned in the table of distribution, of which the 
greatest number occur in Nyasa,. This is a large proportion of 
genera to species, but is accounted for by the number of genera 
represented by only a- single species. None of the genera are 
endemic. 

No good purpose would be served by commenting in detail on 
the genera and species in the list, but one or two further remarks 
on. their distribution may be offered. As far a* the Ithizopoda 
are concerned, the lists from. Victoria Nvanza and. Nyasa. may be 
reasonably compared, and they exhibit a close degree of similarity. 
The well-known genera, Amelia and Dlffluyia are each represented 
by a number of species. .It is in the remaining groups that there 
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lias been inequality of investigation, so that the E ullage! lata, lor 
example, are only represented in Lake Victoria, by a couple of 
forms as contrasted with a large number from Nya.sa. Volvo,r 
africanus is an interesting species which was established to 
receive specimens brought by Leiper from Albert Nyanza. if 
can no longer be regarded as endemic, since it lues been observed 
in another part of East Africa. The I)mo (lagxdlat.es are recorded 
from four lakes, and a comparison may thus be instituted. Luke 
Victoria contains representatives of the genera (Jerafima and 
Glenodiniiuu*. The former genus is wanting in Tanganyika, 
where, however, Perldlnlwni and Pevldinlopsis replace, it. In 
Nyasa. Geratiuui, and Perid/mlu.M occur; in Lake Albert*, Peri- 
diuiam and Ghiioddmmu. It is particularly among the ciliated 
forms tlmt a number of genera occur represented only by a single 
species. The Trkhodhut mentioned, which has not been specilie- 
ally identified, is parasitic upon the Tanganyika, jolly-fish. (Since 
the latter, or a variety of it, is known from Victoria. Nyanza, it 
may well be that a, Trichodina accompanies the medusa there 
also, hut I have no information on the subject. 

In conclusion, it only remains to point out that the .Protozoa, 
as at present known, give no indication of an exceptional fauna, 
peculiar to any lake. At the same time it is precisely in 
Tanganyika, if anywhere, that such might be expected, and that 
lake remains virtually unexplored in this direction. 


4. GENERAL DISCUSSION AND CONCLUSION'S. 

Having completed the systematic review of the animals at 
present known to occur in the lakes, the points of interest; 
concerning their distribution may now be fittingly discussed. 
Far the most noticeable feature is that, which lias go repeatedly 
shown itself, namely the unique nature of flic fauna of Tan¬ 
ganyika. With a recorded total of over *100 diilerent animal 
typos, the lake is clearly exceptional; moreover, no details of 
certain groups which are known to occur are, yet available for 
incorporation. As this treatise is concerned so largely with 
Tanganyika, it may not be out of place to illustrate here in a 
graphic manner, the growth of knowledge concerning its fauna. 

The curve which follows may be regarded as approximately, 
correct. It is clear that the labour of ascertaining the date of 

discovery or description of every type—even if possible.would be 

out of proportion to the value of such a record. The largest 
addition to the total (159 species in all) was made by the writer's 
expedition, which obtained, moreover, practically all the Infor¬ 
mation on the flora of the lake. 


^ \ iricnx states that in tin* plankton which lie examined he observed a specimen 
of FerUUnium, hut was unable to identify the species (197, p; 0). 
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Text-figure 1. 

Gorin showiurj yroirih of knotvledye of Tauyaitj/Ika j'cmua. 



f rhe relative peculiarity of each lake fauna, as far as totals only 
are concerned, can be best illustrated by giving the figures in 
parallel columns with the marks E or l J against them. 
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An examination of these totals at once reveals the chief points 
in which the fauna of Tanganyika is distinct. In the first place, 
the lake contains a more extensive series of forms (402) than any 
other, hi the second place, those types greatly predominate 
which are unknown elsewhere (293 out of 402). Both these 
points, viz, total number of species and corresponding number 
of endemics, are shown graphically for each lake in the following 
fable :— 
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Text-figure 2. 

Table l<> illustrate richness of fauna and pro/miion of 
endemic sjiedes to the whole. 



TANGANYIKA NY AS A VICTORIA ALBERT EDWARD KIVU 

NYANZA NYANIA NYANIA 


Tl>e height of each column represents the total number of species, 
and the shaded portion the number of endemic forms. 




FAUNA OF THE AFRICAN LAKES. 


595 

It will he oh,served that the total figure for JSynsri, though 
some way behind that of Tanganyika, is still very large. Since 
in many cases- -e. <j, fishes, mol buses, prawns—Tanganyika has a 
much richer fauna, such a. result is perhaps a. little surprising, 
tt is worth while to recount the facts which explain this. Firstly, 
tlm. group of the Uladoeera is entirely absent from Tanganyika., 
but well represented in ISTyasa, and elsewhere. This is probably 
due to the nature of the salts dissolved in the water, which 
appears also to have a restrictive influence on the Hotii'era of the 
lake. Secondly, there are one or two groups of auintals— notably 
the Protozoa and free-living Nematode.—almost uninvestigated as 
far as Tanganyika, is concerned, although tolerably well known 
for Nyasa.. Lastly, the collections made by Fiilleborn extended 
to the waters surrounding Nyasa, while the rivers, ponds, and 
swamps in the neighbourhood of Tanganyika, remain unexplored. 
This has greatly increased the records for Nyasa., particularly 
in tiie groups Rotifers., Protozoa, and Entomostraca. 

In the matter of endemic types, however, Tanganyika leaves 
Nyasa (and the other lakes) far behind,exhibiting an astonishing 
series of forms for which it is difficult to find a parallel. 
Expressing in percentages the figures already furnished, nearly 
73 per cent, of the species in Tanganyika are peculiar to the lake, 
whilst Victoria, Nyanza, comes a poor second with 38 per cent., 
ami Nyasa, still further behind with some 24 per cent. The 
smaller lakes have not only smaller totals, but have a, reduced 
proportion of endemic forms, na.mely 20 pet* cent, for Lake 
Edward, 17 percent, for Kivu, a,ml only 13 per cent, for Lake 
Albert. Nor is this all, for the number of endemic genera which 
Tanganyika contains places if. in a category by itself. No fewer 
than 57 out of 108 are regarded as peculiar to the lake, or rather 
more than one-third of the total. As against this, Nyasa- has 
(> endemic genera, out of 178, and Victoria Nyanza, 2 out of 131), 
while Lakes Albert and Edward each possess but a, single endemic 
genus. Tanganyika alone among these lakes has a, family which 
can be regarded as endemic—that of the TiphobiiVlad/hosttmopoda). 

It is thus clear that Tanganyika, exhibits by far the most 
striking series of endemic animals of any of the lakes under con¬ 
sideration-—indeed, it must bo recognised as one of the most 
remarkable lakes in the world. There an* only two lakes, as far 
as .1 know, which merit comparison with Tanganyika in this 
direction, viz. the Caspian Sea, and Lake Baikal. Unfortunately 
I have been quite unable to obtain trustworthy figures of recent 
date with which to compare the particulars now available for the 
African lake. It seems probable, however, that Baikal even 
surpasses Tanganyika in the number of animal forms peculiar 
to its waters*. It appears that while relatively few groups are 

# Consult ila* series of monographs dealing with the results of the most recent 
scientific expedition- -Wi.ssenschnftlidu; Ergehnisao einer Zoolo^istdn-n Expedition 
mull dent Baikal-Sec unter beitung: des Professors Alexis Korotnoff in den Jnhron 
1000 -1902. Liufrrangoit I~o. Knew und Berlin 1905-1012. It is to he regretted 
that this work remains uncompleted, doubtless on account of the European war. 
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^presented, there is often n. groat riel moss of species within the 
groups. The fishes are far fewer than those of Tanganyika, and 
only half of them tire endemic, while the Molluscs, agree pretty 
closely in the number of endemic types. < hi the other hand, there 
a,re most extensive series of Oligoehades and Turbellnviaus, a nd an 
extraordinary wealth of (huumarids, the species being in each ea.se 
nearly all endemic. In the ease of the Caspian, I sun able to 
quote figures, according to which some 64- per cent, of the animal 
forms are found nowhere else in the world (155, p. 64). If this 
statement can be relied upon, the Caspian Sea,, while sullied on tly 
remarkable, is less so than Tanganyika, which has nearly 76 per 
cent, of endemic types. 

Returning to a, consideration of the fauna, of Tanganyika,, 
other features revealed in the Systematic Account may he 
summarised in a few sentences. Those groups which arc most 
conspicuous in possessing endemic genera, and species are the 
Pisces, Molhisea (especially Casteropoda), a,ml Maori mi, with the 
Bra chy urn, following closely. The Copepoda and Ostracoda, a,re 
well represented by endemic species (but not genera,), with the 
Porifera, and Polyzoa showing smaller numbers. While other 
groups with few endemic species, appear, by contrast, de\oid of 
significance, there are only lisas of all those represented in the 
lake—Mammalia., Croeodilia, Chelonia, Batrachia, and C<cleu- 
terata.—which do not contain endemic types. It may he added 
tha,t certain endemic forms a,re held to exhibit a, marine import 
and have been termed thalassoid (lialolimnic according to Moon*),. 
Such are many of the (lasteropod mull uses and perhaps a, Poly zoom 
hi the same category comes the medusa,, which, of course, is not 
con lined to Tanganyika, 

The exceptional character of the Tanganyika, fauna, having 
been sufficiently emphasised, nn explanation of this marked 
peculiarity must be sought, in other words, a general com 
sideiation of what Moore called the Tanganyika, “problem’* must 
be undertaken. In order to appreciate the actual value of the 
purely biological evidence, it is necessary clearly to understand 
the relations which exist between marine a,ml fresh-water 
organisms. The essential points may therefore he staled us 
briefly as possible*. 

In the first place, while certain organisms are characteristic of 
the sea. and others of fresh water, the distinctions which exist 
between ma rine and fresh-water forms are neither very great nor 
very definite. Secondly, it may he emphasised that the barriers 
which tend to prevent a change of medium are not wholly insur¬ 
mountable. At the same time fresh-water types are usually 
recognised in consequence of certain structural peculiarities 
directly due to their mode of life. Buch features should be 
excluded as far as possible when deciding the systematic position 
of an organism, for it is only thus that a true*idea of its inter- 


* These matters are discussed at greater length in several recent papers. 
Bulks (173), Cuuhiugtou (71), Gurney (07). 


Consult 
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relationships —which quite independent of lia.bita.ii—can be 
obtained. 

Tim undoubted affinities existing between marina and fresh¬ 
water organisms arc the direct result of a. community of descent, 
fur tinea* is no escape from the conclusion flint life bail its origin 
in the ocean, trims the forms now found in fresh-wafers must 
have attained their present distribution in one of three ways:—- 
(1) by a direct, active or passive migration from the sea,; (2) by 
becoming terrestrial or swamp-loving in nature, and secondarily 
adapting themselves bo life in fresh wafer ; (9) as a result of the 
isolation and subsequent, freshening of some portion of the sea., 
due to movements of the earth's crust. Without, speculating as 
to which of these methods has played the most important pa rt, it 
may be pointed out that the salinity of the ocean has not been 
constant throughout the ages, but is doubtless greater now than 
in [>nsf geological times. Since certain types are known to have 
recently migrated from the sea., it is not hard to believe that many 
forms may have achieved the change during former epochs when 
the obstacles to be surmounted were somewhat less. It is hardly 
necessary to repeat that the view advocated by Moore assumes 
tbatl.be remarkable organisms found in Tanganyika have ntta ined 
their present distribution by the third means, and have been 
modified from marine types in a basin cut off from the sea.. 

Since the flora, of a lake perforce exists under the same con¬ 
ditions as the fauna, it will be well, before proceeding, to make 
further reference to the plants of Tanganyika. The higher plants 
show no outstanding peculiarities. There are certainly 8 species 
of true aquatics which have been collected in Tanganyika alone 
among the lakes, but all these are well-known African—or even 
cosmopolitan- -forms (efl lien die, 147). On the other hand, the 
Alg;e of Tanganyika, differ markedly' from -those found in the 
other big lakes, a number being endemic, while a. few are usually' 
marine or brackish in habit. In all, some 21 species and 5 
varieties are described as peculiar to Tanganyika* It is, however, 
the phytoplankton of the lakes w hich, affords the most interesting 
comparisons. The plankton of Tanganyika is .much richer in 
species than, that of either Nyawa, or Victoria. Nymma. Out of a 
total of 85 species, more than 70 per cent, do not occur in the 
other two lakes, so that in this instance once more the features 
(hanuvteristic of Tanganyika, are exhibited. The presence in the 
hike of brackish-water and quasi-marine Algie may perhaps be 
accounted for by a period of growing salinity prior to the estab¬ 
lishment of an outlet. (For further particulars consult the 
detailed Report on the Fresh-water Alga) of the Third Tanganyika. 
Expedition, 2CO). 

It is natural that a, good deal of attention has been attracted 
to Tanganyika, by the singular nature of its fauna, and it is 
not. surprising that various suggestions have been offered in 
explanation of the facts. While it will be necessary to recount 
the several views winch have been advanced, it is appropriate to 
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deal in the first instance with Moore’s hypothesis that Tanganyikn. 
represents im old ,1 urussie sea.. This view, first pul. forward in a 
paper published in 1 BUS (131), was subsequently developed and 
the evidence detailed at considerable length in “ Tim Tanganyika 
Problem,’’ 1903, (137). Being thus a, widely known theory, it, is 
only necessary to inquire how it. Records with the hints which have 
since come to light. From the botanical and geological, us welS 
as from the zoological side, more information is available than 
when this hypothesis was propounded, and it may a,t once he 
said that recent discoveries do not Favour the theory. As the 
zoological evidence has been examined and dismissed in tin' body 
of this paper, it is only needful to summarise the conclusions. 

Moore’s view rests in the main on his comparison of certain 
marine fossil shells of the Jurassic period, with those of Oastero- 
pods living in the lake at the present day -coupled with his 
deductions as to the anatomy and relationships of the latter forms. , 
, ft, lias already been explained (p. 549) that, in the opinion of 
leading experts, neither of these claims can he substantiated. If 
the comparison with Jurassic fossils is held to he inadmissible, 
the period of the supposed connection with the ocean remains in 
doubt, hut while Moore subsequently declared that he attached 
no great, weight to this comparison (138, p. 502). he still adhered 
to his view that the so-called halolimnic animals were truly 
marine or relict forms. As far as the molluscs are concerned, the 
opinion of Pelseneer is in direct conflict with this view, for he 
regards the halolimnic (rastoropods as emphatically fresh*water 
types. 

In this connection it may well be asked—-why are there no 
filmlassoid Lamellibranchs in Tanganyika? There seems no 
obvious explanation of the fact, yet surely some ‘members of this 
group would also exhibit a. thalassoid appearance had they been 
relief forms from the ocean. This itself is evidence which lulls 
against the view of a relict origin for the fauna. 

Nor do the other members of Moore’s group of haloliumir 
animals definitely support his contention. The medusa, once so 
important, and admittedly a marine type, has lost most of its 
significance. Not only are fresh-water medusa 1 known to occur 
more widely than was formerly supposed, but the Tanganyika, 
species has been found in the Niger and in Victoria. Nyanzn. 
The Decapod Crustacea—prawns and crabs—regarded in “The 
Tanganyika. Problem” as constituents of the,halolimnic group, 
have been shown to belong to typically fresh-water families, 
Much stress was formerly laid upon the inevusting gymnofematous 
Polyzoon Arachnoidea , but recent discoveries have modified its 
importance. Since the genus is now actually living in Asiatic 
seas, it can hardly be regarded as an ancient marine type 
persisting only in Tanganyika, but must rather be looked upon as 
a recent importation (of. the analogous case of Victor ella, p. 540), 
Finally the sponges belong to the family Spongillidje, a charac¬ 
teristically fresh-water assemblage. Thus, of the succession of 
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animals from different groups which constituted Moore’s halo* 
limnio series, none ill'll accupind as peculiarly marine sa ve 1 in* 
Polyzoon Avachitoidca and the medusa.. 

i > ti t more than this. Tim cm id emir animal forms have been 
described almost without exception as specialised and not primi¬ 
tive types. It is true tha.t Moore regarded the remarkable 
(histeropods as essentially primitive in nature, but this view is 
not shared by other writers (p. 550). If the halolimnie animals 
are indeed relict, forms, they must have been cut off at some 

remote era—though it need not have been the Jurassic period. 

and ought in consequence to exhibit primitive rather than 
specialised characteristics. 

This review of the zoological evidence makes it clear that on 
such grounds it is impossible to justify the contention that 
Tanganyika was connected with the sea in Jurassic times, or 
indeed that a connection with the sea ever existed. It is there¬ 
fore necessary to inquire what light may be thrown on the subject 
by the evidence of geology. 

In his book, Moore maintained that resting on the Archaean 
granites, gneisses, and schists which appear to constitute the 
basement rocks of the continent, three types of sedimentary rock 
are to he recognised. The lowest of these consists of beds of 
sandstone and shale, which are not only well developed in the 
neighbourlmod of the great lakes, but appear to extend over vast 
areas of the African interior, including a large part of the Congo 
basin. Then follow the beds discovered by Drummond north¬ 
west of Nyasa, and covering these in turn, white shelly deposits 
(Pleistocene) laid down by the lakes themselves, Dnimmond’s 
beds being regarded as TriaSsie in age and probably estuarine, 
Moore considered the great bods of sandstone and conglomerate 
as evidence of an extensive ocean which at some still earlier 
period covered a. great part of the lake regions of Central Africa, 
(137, p. 05 el seq'.). 

It is particularly to this hist point that exception is taken by 
other writers on the geology of these regions. Home regard Drum¬ 
mond’s beds and the great sandstone series as of like age, and 
on the evidence of the fossils occurring in the former, regard the 
whole as beds of the lower Karoo (Trias) --or at least as a forma¬ 
tion of corresponding a go, deposited under similar conditions. A 
very recent writer on the stratigraphy of this part of the continent 
(Behreml) speaks of the unfossiliferons conglomerates, quartzites, 
and sandstones which are particularly well displayed in the 
neighbourhood of the great lakes, as the “ Tanganyika System ” 
(14, p. 52). These beds lie distinguishes as of different age from 
similar rocks occurring near Kyasa and in parts of the Congo 
basin, assigning them to an earlier period—Devonian or even 
prior to that (14, p. 73 and Tab iii.). While it may be that the 
relative age of these different strata is by no means conclusively 
fixed, these recent investigations show that Moore’s lowest 
series—the “ Old African sandstones” as he calls them—really 
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comprises two or nioiv formations. In any case ;ill ilevidence 
goes to prove that these sandstones and conglomerates, whatever 
their age, were laid down under continental, i.e. fresh wnler a.nd 
terrestrial conditions, and thus aitord no support for the view 
that the ocean formerly extended over these large tracts in the 
heart of Africa.. 

There is yet another geological objection to the view that 
Tanganyika, contains relict forms from an ancient sea., and that 
is, that, the depression itself would not appear to dale hack to 
the remote times required by Moores hypothesis. Them is every 
reason to believe that the extensive faulting which produced the 
Omit Rift. Valley took pla.ee in Middle-Tertiary times, and if 
this be accepted, the basin of Tanganyika; was actually not, 
in existence at the time when the Jurassic theory supposes it to 
have received its marine fauna' 35 . 

Clearly the geological evidence does not favour a. marine 
“ relict ” origin for the peculiar fauna of Tanganyika., and if has 
been shown that the testimony of zoology is against, it. S n order 
to he convincing, a theory must not run counter to the findings 
of either brunch of science. 

Since it does not seem possible to accept, the hypothesis put, 
forward by Moore, alternative suggestions have now to be con¬ 
sidered. In the first place, it is important to point out, that 
shells of the thalastsuid Tanganyika genus J’artmehnria had been 
compared by White (202:203) and Tausch (180) with those of 
the fresh-water Cretaceous genus Pyrynlif&m some time before 
Moore drew his comparisons with marine Jurassic shells. .It has 
been held by conchologists that the resemblance in this case is 
every whit as close as between any of the forms compared by 
Moore. This may constitute .slender evidence on which to 
theorise, but it is significant that the hods from which the fossil 
type comes are not only more recent, but are fresh-wider in 
character and not marine. Tims, if any value attaches to the 
evidence, it would suggest that the unusual molluscan genera 
should be regarded as the little modified representatives of a late 
secondary fresh-water assemblage rather than those of a. much 
earlier marine one. This view, which implies that the fhalnssoid 
Gasteropoda are relies of an ancient lake fauna preserved in this 
basin, obviously did not (ind acceptance by Moore, lie urged 
against it the pertinent fact that in such a case, similar types, 
living or fossil, ought to be found in other areas, and yet they are 
conspicuously absent (137, p. 335), While agreeing that* this 
constitutes a. serious objection, the same objection, to my mind, 
may be raised with equal force against the marine Jurassic 
hypothesis. 

Reference has already been made to the fact that certain fossil 
Gasteropoda from the Balkan Peninsula exhibit a considerable 
resemblance to some of the thalassoid types from Tanganyika. 

# Certain geological exports, indeed, regard the Tanganyika basin as more recently 
produced than other parts of the Rii’t Valley system. 
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(p. 550). The forms in question, described and .figured by 
Brasilia, (58 : 59), come from fresh-water Pliocene beds in Dal¬ 
matia, Croatia,, and Slavonia. .From tin's it might lie argued that 
the hikes of the Mediterranean region which existed in Tertiary 
times were the source from which the Tanganyika Gasteropods 
have been derived, it is not unreasonable to suggest that com¬ 
munication was possible between these lakes and the region of 
Tanganyika by way of the valley of the Nile and the Great Rift 
Valley. While less objection can he taken to this view than to 
Moore’s, or even to the suggestion of a, Cretaceous origin for the 
molluscs, there are difficulties in accepting it as a, complete 
solution of the problem. To confirm this theory, eiflier fossil 
forms of like nature should be forthcoming in some intermediate 
region, or (as a communication to the north of Tanganyika, is 
assumed)living types should be found in Lakes Kivu, Edward, or 
Albert. Since neither are known to occur, the case for this 
source of origin is unsupported. * 

Since the shells of the thalassoid molluscs have been held to 
resemble (1) marine Jurassic types of the Anglo-Norman basin, 
(2) in one instance a widely distributed fresh- or brackish-water 
genus from the Upper Cretaceous of Hungary and North 
America, (3) a series of fresh-water fossils from beds of Newer 
Tertiary age in Jugo-Slavin, the evidence afforded is so contra¬ 
dictory as to offer little guidance in determining the origin of the 
fauna, of Tanganyika. 

It is a very natural suggestion that the thalassoid appearance 
of the Tanganyika Gasteropods is directly due to the size, depth, 
and quasi-oceanic conditions prevailing in such a lake That is 
to say, that a marine aspect has been produced in certain 
members of the ordinary African fresh-water series as the result 
of convergence. To tho.se who have visited these lakes and 
realised their vast ness this seems plausible, but the difficulty has 
then to be faced, that similar forms are not forthcoming in Nyasa 
and Victoria. Nyanza. 

An hypothesis in which this view is introduced, but which has 
other novel features, w T as brought before the International 
Congress of Zoology in 1913 by Germain (87), He holds that 
previous writers have been wrong in considering Tanganyika by 
itself, and urges that a clearer understanding of the facts becomes 
possible on taking into account the organisms which inhabit 
neighbouring lakes and rivers. Dealing with the Prosobranch 
Gasteropods, which exhibit par excellence a thalassoid facies, 
Germain asserts that while Tanganyika contains a much larger 
series of such forms than any other lake, it is not the sole locality 
in winch they may be found. He considers that Lakes Mwero 
and Nyasa, as well as the Upper and Middle Congo, contain a 
number of Prosobranchs (chiefly Melaniidae) the marine aspect 
of which it is impossible to deny. Proceeding to discuss the 

# A corresponding suggestion has keen made to explain the marine appearance of 
certain Crustacea and other organisms in Lake Baikal. 

Pkoc. Zool, Soc.— 1920* No. XL. 
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geological aspect, of the problem, he suites that very extensive 
lacustrine deposits an* actually known in Central Africa, reaching 
from tin’ Congo basin to Tanganyika and from tha.t lake to 
Victoria Nyanza. on the one hand and Nyasa. on the other. JYom 
sncli considerations lie supposes that tln*re formerly existed in 
east-central Africa a. vast lake basin which united the Middle 
and Upper Congo with Nyasa, and Tanganyika and probably 
Victoria Nyanza. Living in this region was a. unilorm I resin 
water fauna, specially rich in Prosobvanohs. After the formation 
of the Great Hi ft Valley the lakes were isolated in their present 
basins, where modifications of the original fauna, resulted Irons 
the new environment. Lake Tanganyika., possessing most nearly 
the characteristics of the ocean, became inhabited by molluscs 
which have assumed (by a phenomenon! of convergence) a marine 
aspect in the highest degree'"'. 

With this conception I do not (md myself wholly in accord, 
'Without expressing an opinion on the nature of the Gasteropods 
of Nyasa and. the Upper Congo region, there are two serious 
objections to its acceptance. In the first place, there is in¬ 
sufficient geological evidence for a lake basin so large in extent 
the deposits in this area, being probably terrestrial and flu via tile. 
In the second place, there is no reason why the conditions in 
Nyasa and Victoria, Nyanza, which closely resemble those of 
Tanganyika, should not have produced an equally striking series 
of thalassoid Gasteropods in those lakes, and yet this is not the 
ease. At the same time I am quite prepared to agree that 
the marine aspect of the molluscs is probably due to convergence. 

Another obvious suggestion is that the salinity of the water 
has been a determining factor in producing marine-like forms. 
Here, it is much less easy to come to a decision, for the question 
of increased salinity is of course directly associated with that of 
a period of isolation.* But prolonged isolation itself, with the 
opportunity it affords of development free from competition with 
the outside world, is obviously a cause predisposing to the pro¬ 
duction of new characters. Where isolation and a gradual 
increase in salinity have coexisted, it is difficult to recognise, 
which factor is responsible for a, particular result. Lxperiniental 
evidence is not wanting to show that certain salts, even in 
minute quantities, exert a profound influence on aquatic organ 
isms, but it does not follow that a marine aspect would be 
produced as a, result. West, indeed, goes so far as to assert 
that the Alga* of Tanganyika, which exhibit marine affinities may 
well have been produced by a gradual increase in the salinity of 
the lake during an extended period of time (200, p. 11)1). Here, 
it is true, the two factors are inextricably associated, but if the 
suggestion is not unreasonable for the Algm, the surmise may be 

* Since this account has been iu the press, a still move recent paper by Germain 
has reached my hands—“ Histone Oc&mogrnphique des Lacs de PA frupu* Orient aleA 
Bulk Inst. Qc&mogr. Monaco, No. 360,1020. In it, he adds little which is now, 
merely re-affirming the opinions expressed in his earlier article, 
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hazarded that the thalassoid Gasteropod shells owe their nature 
to the same cause, lie this as it may, there are additional com¬ 
plications affecting the salinity of Tanganyika. 

it has been shown that Tanganyika, had probably no outlet 
until a. portion of the Nile basin became cut off and Kivu drained 
south into the lake (p. f>15). It ha,s also been pointed out that 
since Kivu water contains an excessive amount of magnesium 
salts, that lake is probably the source from which the high per¬ 
centage in Tanganyika lias been derived (p. 570). If these 
probabilities be accepted, certain conclusions as to salinity follow. 
During the first period the salinity may well have been consider¬ 
able, though there is no evidence as to its nature. The lake 
subsequently freshened, but eventually its waters became rich in 
salts of magnesium. Thus any effect which the sa.line nature of 
the water may have exerted on the organisms of the hike may 
have been due'to either of these conditions, or to a combination 
of both. As already suggested, there may even exist an irregu¬ 
larity in the outflow of the lake, due to the forming and breaking 
of dams in the bed of the Lukuga River (p. 515). If this be the 
case, the salinity of Tanganyika has not only changed consider¬ 
ably in the past, but may still be changing materially from time 
to time. 

The view that Tanganyika owes its remarkable organisms— not 
merely the thalassoid forms—to a long-protracted period of 
isolation, Iras been advocated by several writers, and remains, 
on the whole, the most likely suggestion put forward. The 
possible effect of an increased salinity, which isolation would 
involve, must of necessity be coupled -with this, but it is not 
regarded as the prime factor. This view lias the positive 
advantage that it does not run counter to geological conceptions, 
hut fits in with what is believed to be the past history of the lake. 

Testimony in favour of it is a,Horded by the very remarkable 
nature of the Oichlid, fishes which Tanganyika, contains. This 
group has long been known to show a peculiar facility for 
colonising isolated and often saline waters, though the agency by 
winch this is effected is not understood. What then more likely 
than that the Giehlids were among the earliest inhabitants of the 
lake, where, without having to compete with other types of fish, 
they multiplied unchecked and became differentiated into new 
genera, and species (cf. 26, p. 423). 

It is hardly necessary to point out that this isolation 
hypothesis does not assume that Tanganyika, was stocked from 
any exceptional source. That is to say, the lake did not receive 
its fauna from an ancient sea, but in the same manner as the 
neighbouring fresh-waters, the original similarity of its fauna to 
those of the other lakes being secondarily lost by marked 
divergences of form consequent upon prolonged isolation. The 
marine aspect of certain Gasteropods would thus be regarded as 
merely due to convergence. Viewed in this light, the case 
of Tanganyika is closely analogous to that of oceanic islands, 

40 * 
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which, as isolated areas of laud, arc well known to possess faunas 
and Homs largely peculiar to themselves. 

The last-ineutiouetl hypothesis, <*\<*ii if satisfactory in the main, 
makes no attempt to account for the presence of the medusa in 
Tanganyika, and accordingly a. few soul cnees are needed on this 
aspect of the. question. 

In dealing with the distribution of African fresh-water fishes, 
Boulcnger lias discussed the problem of Tanganyika, and states 
that he cannot admit Moore’s contentions (26, p. 42*2). lie refers 
to the inconclusive evidence afforded by the so-called halolimnic 
Gasteropoda, and clearly regards the medusa, (now known from 
other parts of the continent) as the only* organism in the lake for 
which it is necessary to account in any special manner, lb* 
points out that paheoutological evidence exists of a. Middle 
Eocene 1 (Lutetian) sea. which extendcM? over a large area, in 
.Northern Africa (vide also ilinhesion 102, p. of)2), and suggests 
that this would afford a rational explanation of the present 
distribution of the medusa in Africa. 

With this view Gra.vier is not in agreement (90, p. 221). He 
gives it as Ids opinion that the medusa may well have migrated 
from the sea at a recent epoch, especially should it possess a 
hydroid stage, as is held likely by Browne (ef, 56, p. d(H>). I ts 
present distribution in Africa lie explains by reference to the 
possibilities of intercommunication between the river systems. 

Having dealt at considerable length—as becomes its import¬ 
ance—with the fauna of Tanganyika and the views put. forward 
to account for its very unusual character, it is now possible to 
proceed to a brief study of the remaining lake faunas. While 
there are smaller totals and fewer peculiar types, the bigger lakes 
at least are not devoid of interest. 

Victoria Nyanza, with 38 per cent, of endemic species, clearly 
has characteristics of its own, these being more prominent in 
some groups than in others. By far the most conspicuous group 
is the Pisces, containing, as in the case of Tanganyika, the largest 
series of forms. It comprises also over half the total number of 
endemic species and the only two endemic genera.. The Mollusea, 
again are noteworthy, hut in this ease the Larnellibranchs are 
more striking than the Gasteropoda, exhibiting a larger pro¬ 
portion of endemic types. Of the few Ostracods recorded from 
the lake, 5 out of 7 a,re described as peculiar, and the OHgocluete 
worms are represented by 6 species, 4 of which are endemic. 
Victoria is the only lake besides Tanganyika which contains the 
medusa, though this should perhaps he regarded as subspecifically 
distinct. It is only in this lake that the common Hydra is 
known to occur. Many groups are wholly without endemic 
representatives. 

Generally speaking, Lake Nyasa exhibits very similar features, 
but with rather fewer peculiar forms. Fishes constitute half the 
total number of endemics, and 5 endemic genera out of (>. 
A considerable number of molluscs are known, nearly half being 
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peculiar to the lake. Nyasa contains an endemic genus belong¬ 
ing to the Arguluhe, and the Ostraeoda are well represented, 
8 species being endemic out of 17. It is strange that no .aquatic 
snakes ami no Polyzoa have yet been recorded ; on the other band, 
Nyasa, alone of the kikes under review contains aquatic tortoises 
referred to the Trionychhhe. 

The three smaller lakes contain representatives of fewer animal 
groups, but it is possible that this is merely due to less syste¬ 
matic investigation.—Albert Nyauza displays only 13 per cent, 
of endemic forms, which are mostly Moll use;i, while it lias no 
endemic fish. The genus Lhiinocaridella (prawn) is the only 
genus peculiar to the lake.—Edward Nyanza contains a. more 
interesting series of fish, with one genus and six species endemic. 
Only 3 molluscs are peculiar out of a total of 15, and there is 
little else which calls for comment.—in Kivu, representatives 
of only 6 groups of animals are at present known to occur. 
While future exploration may bring other forms to light, the 
poverty of its fauna, is probably connected with the exceptional 
salinity of the water. Out of a total of 23 species, there arc 
13 fishes, 3 being endemic, while, the only other endemic type 
is an Oligochiete worm. The apparent absence of the hippo¬ 
potamus and the crocodile is a point of some interest. Similarly 
no LamolUbrauchs appear to occur, although two forms of 
(jnsteropod are known. 

It is obvious that none of these lakes exhibit such striking 
forms as Tanganyika,, and that while endemic types are not 
wanting, these are fewer in number and for the most part only 
specific in elm,ranter. Apart from tie', presence of the medusa, in 
Lake Victoria, there is nothing to suggest a special connection 
with the sea,. In broad terms it may he said that the lakes 
contain the ordinary fresh-water fa,mm, of Africa, modified in 
varying degree in each case. Where, such modification is con¬ 
siderable, as in Victoria .Nyanza and less markedly Nyasa, it may 
well ha.ve been caused by a, period of isolation proportional to the 
relative peculiarity of the fauna. It is more especially the fish* 
fauna of those lakes which is rich in endemic species and shows 
certain endemic genera, and from this evidence it would seem 
that Lake Victoria, remained isolated for a. longer period than 
Nyasa (e/\ p. H3fi). If isolation be accepted as accounting for the 
remarkable fauna of Tanganyika, it is clear that a. still longer 
period must have been necessary in that case to produce such 
notable results. 

There a,re certain other matters concerning the distribution of 
animals in the African lakes which are brought out by this com¬ 
parative survey. While representatives occur of most of those 
groups which may be expected'in tropical fresh waters, there are 
some interesting exceptions, It comes as a surprise to a Euro¬ 
pean naturalist to find no fresh-water Isopods such as, Asellns, or 
Amphipods such as Gammarns^ yet those familiar forms appear 
to be conspicuously absent from the tropica,] parts of Africa, 
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though the genus Uctmmarus is recorded from the north a,ml 
south of the continent. Why such types are wanting it would 
be idle to speculate, hut the fa.et is also emphasised by Ktuhlinann 
in more than one place (181, p. 1868 : 182, p. 608 ). It is strange 
too, that among the intestinal parasites of the fresh-water fish 
there appear to be no species of Echinorhjpich(t,s, although they 
are common in the fish of European rivers. Padav, it is true, 
has described a larval form from a species of Ostracod taken in a 
small East African lake (76, p. 5b). Thus, while Asdlm and 
Gam wants a,re commonly the intermediate hosts, it is evident 
that the absence of these genera, does not form a. complete 
barrier to the distribution of Jh'khiorh //11 chits, and Daday con¬ 
siders that it will yet prove common in Africa. At present, 
however, the adult form is entirely unknown. 

Concerning the numerical distribution of species in the lakes, 
there 1 is one point which calls for further notice. HYoin a study 
of the lists of forms found in each hike, Moore believed that a 
definite relation existed between numbers and size. After 
reviewing the facts then at his disposal, he writes : —' u it is thus 
obvious that from some cause or other the number of specific 
forms in an African hike is roughly proportional to the size of the 
lake itself(137, p. 146). This does not mean that the smaller 
lakes a,re less well stocked with animals, but simply that the 
number of species they contain is less. The matter has alreuly 
been referred to in the systematic section, and it. has moreover 
been shown that the principle appears capable of extension to the 
number of genera and even families (pp. 535, 548). With the 
total figures for the six lakes now available, it is possible to test 
the correctness of this conception on a more extended basis. 
The totals for species a,nd genera, are therefore given in tabular 
form, with the lakes (apart from Tanganyika) arranged in order 
of size. 



Tangan¬ 

yika. 

Victoria 

Nyair/a, 

>vr Albert 

N - Vllwl - ... 

Kihvunl 

Nyunwi. 

Khu. 

Xumber 0 f Species ... 

. 402 

289 

301 

07 

5 4 

23 

„ Genera ... 

. 168 

139 

178 

48 

35 

13 


Tanganyika, which heads the list, is in every sense to bo 
regarded as a case apart, but the figures for the remaining lakes 
should accord with this law—if such it be. A descending series 
is seen to exist: Nyasa it is true constitutes an exception, but, 
as already explained, its totals have been artificially swollen in 
certain directions (p, 595). Nyasa conforms to the rule in the 
case of the Pisces and Mollusca—it is the addition of many types 
of Rotifera and Protozoa which chiefly accounts for the large 
total figure for the lake. 
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A very similar result is arrived at on comparing the number of 
groups represented in the different la,Ices. From 'Victoria Nyanza, 
downwards the decrease in size is accompanied by a decrease in 
the number of groups present. The figures (including Tangan¬ 
yika for comparison) are found to ho as follows : — Tanganyika 
2(> (groups), Victoria. 25, Nya.su 24, Albert* 15, Edward 14, and 
Kivu 6. It is possible, however, that the low totals for the 
smaller lakes are, in part, a. result of less complete investigation. 

Enough has been said to show that Moore’s contention is 
substantially correct as tar as these African lakes a,re concerned. 
It would be interesting to discover whether a similar relation 
between size and number of specific forms can be made out for 
other groups of lakes or even if it is a principle of general appli¬ 
cation. Moore makes a comparison, which would seem to be 
justified, between this phenomenon and that exhibited by the 
flora, of oceanic islands, where the smaller the island,—although 
it may he a,s thickly covered with vegetation as any other area,— 
the fewer the species of plants which inhabit it. 

The last matter to be considered is tins undoubted affinity 
which exists between certain African and Indian fresh-water 
types—an affinity which lias been noticed already, when re¬ 
viewing the groups in which it is most pronounced. This inter¬ 
relationship is exhibited in many groups of animals, and extends 
not merely to forms from the Indian Peninsula, itself, but from 
the whole of that part of Asia., including the Malay Archipelago. 
An interesting account of those affinities is given by Anmuulale 
in a piper entitled “The African Element in the Freshwater 
Fauna, of British India” (10). >So far as the present treatise is 
concerned, consideration is limited to those animals which a,re 
known to occur in one or other of the big African lakes. ’Briefly 
enumerating the cases, the (Jyprinuhe and Mnstacembelida; among 
the fishes indicate this affinity in a marked degree. The Polyzoa 
afford striking evidence, since the genus Arachnoklea is known 
from Tanganyika, and East Indian seas, while in the case of 
PlmiMldla (' Ajrlnddhb ) tmbijthnyikm the actual species has been 
found in an radian lake as well as in Tanganyika. (Jarhlhm 
nilotica with its varietal forms occurs in several of the African 
lakes, while if is widely distributed in Indian and Malay regions 
and extends still further east into .Australia. Among the 
Omlentorata. a. medusa, has now been found in India, which is 
generically identical with that from Tanganyika and Victoria., 
Nyanza, while finally among the sponges Ppmujilla carteri front 
Lake Victoria., is known in India a,ml Java,. 

Tins is not the place to discuss the geological evidence for a 
former land-connection between these areas, hut the views 
commonly held can he stated in a few words. During the 
Carboniferous period, anti persisting subsequently ■through (lie 
Permian and Triass io, .there 'appears to have existed a vast 
tropical continent which extended from Brazil to Australia, 
embracing of course Africa and India. This continent is known 
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ns (hnidwnnaland. la the ensuing period -the Jurassic—(.Umd- 
wt.nala.nd began to break up, but there is some evidence that in 
late Cretaceous or even early Tertiary times a land-bridge still 
existed between East A fries*, and the Indo-Malayan region, by 
way of the Seychelles ami Maldives. The geological record 
is thus quite in keeping with the facts of distribution to which 
reference has been made. 

In bringing this study to a conclusion, it must be admitted 
that in many directions information is very limited. There is no 
doubt that the discovery of additional species is to be expected 
whenever a re-examination of any of the lakes occurs, but. there 
are other [mints of considerable interest on which knowledge is 
much to be desired. 

Despite the investigations of Moore in Nyasa and Tanganyika, 
very little is really known concerning the. deeper regions of any 
of the lakes, and the existence of a distinct abyssal fauna is 
uncertain. In a paper dealing with the distribution of the 
molluscs, Moore, speaks of obtaining certain tbalassoid forms in 
Tanganyika at a. depth of 800-■ 1200 feet (244 Abb metres) 
(129, p. .171). He regarded these particular Gasteropods as a 
deep-water assemblage, but a more thorough examination may 
well reveal other animals which permanently inhabit the bottom 
muds. There is little doubt from an analogy with other deep 
lakes that the deeper waters of these African lakes are almost., if 
not quite, devoid of life. At the same time, further investigation 
may indicate a. definite association of abyssal forms not only in 
Tanganyika, but in the other lakes under review.—Associated 
likewise with the distribution of organisms within the limits of 
the lakes are questions such as the vertical distribution of 
plankton forms, as ascertained by tow-nettings. During the 
Third Tanganyika Expedition my operations were practically 
confined to surface tow-nettings, hut special tow-nets worked 
from suitable craft would afford the necessary information. 
Again, the seasonal variations of plankton organisms arc almost 
unknown, although I was able to detect a. marked decrease in the 
quantity of material during the rainy season. 'Detailed know 
ledge of this kind can only be gained by the aid of large collections 
extending over many months.—The distribution of local forms or 
varieties within the limits of a single lake was dismissed by 
Moore in his book. He considered that certain well-marked 
varieties or even species were confined to particular areas in the 
greater African lakes (137, p. 149). My own observations load 
to a different conclusion, and the matter undoubtedly merits 
further investigation. 

Lastly, there are some outstanding physical matters which are 
of importance on account of their relation to biological pheno¬ 
mena. Mery little is known concerning the chemical impurities 
of the water in these lakes, and even the depth and gem era 1 
nature of the basin is imperfectly known save for Tanganyika., 
Victoria and Nyasa. Further knowledge is likewise desirable as 
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to water temperatures, seiches, ami the possible occurrence of 
ternperatuve seiches. 

It is dear, nevertheless, that from the facts already established, 
a reasonably true conception maybe formed both as to the nature 
of the lakes themselves and that of the. organisms which they 
contain. It has been the aim of this work to supply a connected 
account, of these facts, based on the most recent particulars. 
Considering the difficulties which besot the investigator in a 
tropical climate far from civilisation, the amount of information 
available is not discreditable to those concerned. 

5. SUMMARY. 

The special interest attaching to this comparative study of 
African lakes is due to the remarkable nature of the fauna, of 
Tanganyika. That hike was discovered in 1858 by Burton and 
Speke, the hitter bringing hack with him shells considered to have 
a, distinctly ma rine appearance. Subsequent collections emphasised 
this point, and interest was further increased by the discovery of 
a medusa, by Bbhm. A. scientific expedition to investigate the 
fauna, wa.s despatched in 18*35 in charge of «L E. S. Moore. Tim 
rich and unusual nature of the fauna, then collected led him to 
formulate the hypothesis thn.t Tanganyika represents an old 
Jurassic sea. In order to test the validity of this hypothesis, 
a second expedition, on which Moore was accompanied by Per- 
gusson, left England in 181bb The result was held by Moore to 
justify the theory, and he embodied his conclusions in a, work 
entitled “The Tanganyika, Problem,” published in ltMKb As the 
aquatic Horn, had not been taken into account, a, third expedition 
was despatched to rectify that omission and make a further 
collection of animals* This left in 1004 in charge of the writer, 
returning in 1905. More recently still, in 1912-13, the Belgian 
expedition of Louis ^tappers visited the lake and obtained 
additional information. 

The scope of this paper includes, besides Tanganyika, the five 

adjacent lakes of most interest, viz.:.Victoria Nyanza, Nyasa, 

Albert Nyanza, Edward Nyanza, and Kivu. All those, willy the 
exception of Lake Victoria, occupy portions of the Great ’Hift 
Valley, which has probably been formed by trough-faulting on a 
stupendous scale. They lie in long narrow depressions bounded 
by escarpments rising to a, height of two or three thousand feet 
a,hove the level of the water. Nyasa and Tanganyika are very 
deep, the former reaching to over 780 metres and the latter to no 
less than 1435 metres. Victoria. Nyanza has the largest area, but 
occupies only a shallow basin hounded by low lulls. 

In all the lakes, but especially the largest, conditions are almost 
oceanic. Climatic differences are negligible, hut water tempera¬ 
tures are uniformly high, showing an average of about 20° 0. 
Analyses of the water have been made in very few instances. 
The water of Tanganyika, while fresh, is unusually rich in salts 
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of magnesium, and that of Kivu contains excessive quantities of 
the latter as well ns sodium salts. Jt is likely that !<lm salinity 
of Tanganyika was greater formerly, and may still he subject to 
valuation. Evidence exists of si considerable, rise and fall in the 
level of the lake, yet it seems pro hah le that rainfall and evapora¬ 
tion fire verv nearly balanced. There is reason to believe tint 
Tanganyika had no outlet until it received an additional water 
supply from the Kivu basin, which was cut oil* from the Nile, and 
added to the drainage siren, of the- big hike by the formation of a 
volcanic dam in recent geological times. Tanganyika would Urns 
have been completely isolated and its waters more saline until an 
outflow was established. Tin 4 present effluent appears to have boon 
formed as an affluent, its bed being limilIv captured by a tributary 
of the Congo. A periodic rise and bill in the. hike, level may 
be caused by a temporary damming of the bed of the oilluent, 
indirectly due to irregularities in the rainfall. 

As regards fauna., it is probable that at the present time all 
the six hikes have received fairly equal investigation. Only 
strictly aquatic animals are considered in this paper, but forms 
obtained from the neighbourhood of a. hike are included in tint 
totals. Tanganyika exhibits by far the most remarkable features, 
containing some 402 species of which 20b ^nearly 7b per cent..) 
are endemic. Nyasa- has a total second in point of size, but this 
has been artificially swollen by extra,--lacustrine records which 
are wanting for other lakes. It has only 24 per cent, of endemic 
forms, while Victoria Nyanza with a smaller total has a larger 
percentage of endemics, namely 38 per cent. Tim thrift*, smaller 
lakes show a great reduction both in number of types and number 
of endemics. Tanganyika is further distinguished in tied- 57 out 
of 158 genera, are peculiar to its waters, whereas Nyasa, can only 
muster 6 endemic genera, and the other lakes fewer still. 

The fishes of Tanganyika, fire of outstanding interest, comprising 
146 species, of which 121 are endemic. The most notable feature 
is the number and high degree of specialisation of tin* Uiehlidie, 
which with 27 genera (21 endemic) and 89 species (84 endemic) 
Ls the richest Cichlid fauna in the. world. A species of iiicrustiug 
gymno!annatous Polyzoon occurs, such forms being mostly marine. 
There is a large mollusean fauna, and of the Oosteropods more 
than two-thirds exhibit a marine-like appearance. 'These are 
known as the thalassbid or balolimnic group and are without 
exception endemic. There are no thalassoid Lamollibnutehs. 
Twelve species of prawns are known, typically fresh-water in 
character, but specialised and all peculiar to the lake. There, is 
an endemic genus of crabs, with 3 species. The Eucopepoda, 
Branchiura, and Ostracoda are well represented, each showing a 
large proportion of endemic species. The Oladocora are con™ 
spicuously absent from the lake and the Kofi fora, are relatively 
few in number. This may be related to the salinity of the water. 
The medusa originally described from Tanganyika has now been 
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discovered in Victoria Nyanza, and the Niger. There are four 
endemic species of fresh-water sponges. Only 5 groups of animals 
contain no endemic types. 

Tanganyika, is one of the most remarkable lakes in the world, 
the only cases comparable being the Caspian Sea. and Lake Baikal. 
Recent figures a,re difficult to ascertain, but while Baikal may 
even surpass Tanganyika in the number of unique animal forms, 
it appears that the Caspian is less striking. 

There is reason to believe that the relations between marine 
and fresh-water organisms are intimate and due to a community 
of descent. The harriers which prevent a, change of medium are 
not insurmountable. Organisms originated in the ocean, and 
have attained their distribution in fresh water in various ways. 
Moore regarded many of the Tanganyika types as relicts from a. 
former ocean. 

ddie aquatic plants-of Tanganyika are of less interest than the 
animals. The higher plants show no peculiarities, hut the Algie 
differ from those of the remaining lakes. A. number of species 
are endemic and others are usually marine or brackish in habit. 
The phytoplankton is rich in species, and more than 70 per cent, 
of the forms do not occur in Nya.su, or Victoria. 

Recent discoveries do not favour Moore's hypothesis of a 
marine Jurassic origin for Tanganyika. Neither his comparison 
of shells from the lake with marine fossil shells, nor his views on 
the primitive nature of the halolimnie Casteropods, have been 
accepted by leading exports. No members of his halolimnie group, 
save the Polygon n and the medusa, can be regarded as peculiarly 
marine. The Polvzoon is allied to a species still living in Indian 
seas and the medusa, is known from other parts of Africa. The 
endemic animal types a,re held to be specialised rathe}* than 
primitive in nature. Geological evidence is not more favourable. 
The extensive beds of sandstone and conglomerate which occur 
in the lake regions were probably formed under fresh-water 
and terrestrial conditions. They are considered by some to be 
of Tr.ia.ssic age, hut may belong to a much, earlier period, Ac. 
Devonian. Thus there is no support for the view that the ocean 
at one time extended over the Congo basin. Further, there is 
much to show that the trough in which Tanganyika lies was not 
formed until Middle Tertiary times. 

A comparison has been made between thalassoid shells from 
Tanganyika and a, fresh-water Cretaceous genus on the one hand 
and fresh-water Pliocene shells on the other. Since the tha.lassoid 
shells have been held to resemble types from such different sources, 
they offer little indication as to the origin of the lake fauna,—The 
quasi-oceanie conditions in Tanganyika may have produced an 
effect on the organisms it contains, Germain asserts that 
Gasteropoda of marine aspect occur in other regions besides 
Tanganyika, and are derived from the fresh-water types of a 
former vast lake basin. On the present lakes becoming isolated, 
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the conditions in Tanganyika produced a morn striking’ series of. 
such forms than elsewhere. This view is not regarded as accept 
itble.—-Lt has been suggested that the salinity of the Tanganyika, 
water has produced marine-like forms, hut further evidence is 
needed.—The view that Tanganyika, owes its remarkable organ¬ 
isms to a prolonged period of isolation is regarded as the most 
likely suggestion, it does not run counter to geological 
conceptions. 

This theory does not account for the medusa. Hon longer 
suggests that it inav have survived from mi 'Eocene sea, in 
Northern Africa,. Gravier considers, on the contrary, that it 
may be a, recent migrant from the ocean. 

The faunas of the remaining lakes are of less interest. Victoria 
Nyanza, is next in importance to Tanganyika,. The most con¬ 
spicuous group is the (ishos, with a. large proportion of endemic, 
species. The Mollusca, also are noteworthy. The fauna, of Nya.su. 
is similar in cha,ranter, hut with fewer peculiar types. There are, 
however, 5 endemic genera of fishes. The smaller lakes contain 
representatives of fewer animal groups as well as fewer species. 
Kivu is the extreme case, with only 2o species, of which 4 are 
endemic. The poverty of its fauna may he associated with ifs 
exceptional salinity. Albert Nyanza, displays the smallest pro¬ 
portion of endemic types, viz. Id per emit, it is suggested that 
periods of isolation would account for the peculiarities of Victoria 
Nyanza. and Nyasa. 

Certain animal types are unexpectedly absent, from the African 
lakes. >Sueh a,re the fresh-water Crustacea Aw Him ami (ttniumtma 
and the fish parasite Eahlnorhynchna, No explanation of this is 
forthcoming. 

The number of specific forms in those hikes appears to he 
proportional to the size. This would seem to hold good also for 
the number of genera, and families and even for the number of 
groups represented. it is possible that this principle is of 
general application. It is thought to he analogous to the phe¬ 
nomenon exhibited by the flora, of oceanic islands. 

The affinity between African and Indian fresh-water types is 
recognisable in several instances among the inhabitants of the 
lakes. This affinity is explained by the former existence of a, 
continent which embraced these countries in the Carboniferous 
and subsequent periods. 

, Little is known of the deeper regions of any of the lakes, it 
remains to he discovered whether associations of abyssal animals 
exist in them. Neither the vertical distribution of plankton 
forms, nor their seasonal variations have yet been studied. 
Further information is needed on the salts dissolved in the water, 
the depth and nature of the lake basins, water temperatures, etc. 
It is nevertheless possible from established facts to form a true 
conception of the nature of the la-kes and their organisms. 
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33. Descriptions of the Adult, Larval, and Pupal Stages of 
a New Mosquito from Lord Howe Island, S. Pacific. 
Dy 11 ion is v K. Daistkr, Liverpool School of Tropical 
Medicine *. 

[Ilecoivwl September 25, 1020: Read November 16,1920.] 

(Text-figures 1-3.) 

The material from which the following descriptions were 
drawn up was collected by Mr. It. Douglas Laurie, M.A., of the 
Zoological Department, University College, Aberystwyth, in Lord 
Howe Island during the summer of 1914. The adult mosquitoes, 
a, male and a female, were reared by him from larvae and pupa' 
found in a hole containing water in a fallen tree. The second 
species, to which mere reference is made, was taken on the wing 
in a dwelling-house at night. 

O0XI.IVEROTATUS LAfJREI, Sp. n. 

A medium-sized, reddish-brown, mosquito with golden-coloured 
lines on the thorax, and the dorsal surface of tlie abdomen 
uniformly dark brown. Proboscis and legs blackish, some or 
all of the tarsal segments with small pale bands, Male palpi 
relatively short, scarcely more than half the length of the 
proboscis. 

Head : Integument blackish, the occipital region clothed mainly 
with narrow, curved, and upright forked scales, but with small 
areas of creamy-white flat scales laterally; curved scales black 
ami golden, the latter forming a median line, which broadens 
posteriorly, and a border (composed of a single row of scales) 
round the eyes; upright scales long and thin, black anteriorly 
and medially, dark yellowish-brown posteriorly and laterally, 
Wyes black. Antenna* dark brown, each with the basal segment 
and base of the second segment yellowish-brown. Proboscis 
straight, long and slender, black ; label he small, pointed, tes¬ 
taceous. Palpi black ; in the female very short, each with two 
narrow white rings and a white apex ; in the male slender, about 
half the length of the proboscis, each with a narrow white band 
at the bases of the four segments, terminal segment about two- 
thirds the length of the penultimate, no distinct hair-tufts 
present. Olypeus black, pruinose. Thorax : Integument reddish- 
brown, clothed with dark brown and golden, narrow, curved scales; 
the golden scales are arranged in a definite manner as follows:— 
a narrow border round the anterior edge, two small more or less 
circular shoulder-spots, a median line broad anteriorly and 
gradually tapering to a point near the middle of the scutum, two 

* Communicated by 11. D. Raukie, F.Z.S, 
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narrow dorso-hiteml lines extending parallel from the scutellum 
to a spot' slightly beyond the centre of the scutum, then becoming 
sumewliii.r broader and curving outwards to meet the edge of the 
scutum a.) tout the anterior third, two very short ad median linos 
immediately before the bare space in front of the scutellum, and 
lastly, a few scattered scales laterally over the roots of the wings. 
Prothorn,eie lobes dark brown, conical, widely separated dorsally, 
with black bristles anteriorly, and intermingled, curved, golden, 
and creamy flat scales centrally and posteriorly. Seutelhim 
lighter in colour than the scutum, with sparsely arranged golden, 
curved scales; border bristles black. Pleura? dark brown with 
patches of creamy-white Hat scales. Abdomen : Integument dark 
brown. Dorsad surface in the female covered with dark, almost 
black, Hat scales; in the male similar, but with traces of pale 
lateral basal spots (each Formed of a, few cream-coloured scales) 
on the 5th, 6fih, and 7th segments; ventral surface in both sexes 
dark brown, with a pair of largo creamy-white lateral basal spots 
on each segment. Terminal segment of female paler brown, with 
moderately long cerci. Wings: Veins rather densely clothed with 
dark brown scales, the lateral scales somewhat broadly linear. 
Pork colls with their bases almost level, the first cell long and 
narrow, about three times as long as the petiole, the second wider, 
about twice as long as the petiole; posterior cross-vein a,bout one 
and one-half times its own length distant from the median cross- 
vein. Legs; Dark brown, blackish. Fore and middle femora, each 
with a narrow line of eream-coloured scales on the ventral surface, 
basal half of each hind femur brcuidly cream-coloured, apices of 
femora with small, yellowish spots. Tibia? with inconspicuous 
yellowish knee-spots. First and second tarsal segments of the 
fore and middle legs with incomplete narrow, basal, whitish 
bands, tarsal segments of hind legs with basal, white bands. 
Ungues of female ail equal and imiserrate; of fore and middle 
legs of male unequal and uniserrate, of hind legs of male small, 
equal, and imiserrate. 

Length: Female approximately 5*5 mm., male 5 0 nun.; length 
of wings of female 5*2 rum., length of wing of male 4*5 ram. 

Malelhjpcgnjg mwi f text-fig. 1).—Side-pieces long and narrow— 
from three to four times as long as tho width at the extreme 
base,—with prominent basal and apical lobes. Dorsal surface of 
side-piece moderately hairy, the hairs relatively short towards the 
hase, longer apical iv ami laterally; ventral surface with numerous, 
long, curved hairs ; outer margins with a few scales. Basal lobes 
subquad rate, bearing numerous strong, short hairs; apical lobes 
large, extending^ backwards to the basal lobes, with densely 
arranged, short, inwardly projecting hairs. Terminal clasp-seg¬ 
ment slender, comparatively weak, with a long terminal spine 
and two short delicate hairs slightly before the apex. Tenth 
stern ites (harpes) slender, strongly chitinised, slightly recurved at 
the tips; connecting membrane with three small spines on each 
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side inwards 1,1 le apex. thus pet tea (harpagonos) large, rather 
more than half i'.ho length of the side-pieces, em:h with a conspi¬ 
cuous, attenuated, memhranous foot-like appendage, ^Edmagus 
(unci) separate disfcally, without serrations or teeth. 


Text-figure 1. 



Male hypopyg'ium of Ochlorotairs hutn'i, sp. n, X 120. 
(lljiirs of portion of right. sidn-pieM omithd.) 


Lavra (text-fig. 2).--Relatively stout, about 7 mm. in length. 
Hoad rounded, slightly narrowed before the eyes; antenna* cylin¬ 
drical, sparsely covered with minute spines and bearing four or 
five longer spines at. the apex; antennal tuft small, centrally 
situated, composed of four simple hairs arising from a common 
stem. Dorsal hairs not feathered, compound, the anterior pair 
each composed of four hairs, the small median of four and the 
posterior of five or six; ante-antennal tuft formed of four to six 
hairs. Mental plate triangular in shape, armed with from 12-14 
teeth on each side; the terminal tooth longer and broader than 
the rest, the apical lateral teeth elongate and somewhat crowded 
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together, the posterior lateral teeth broader (almost triangular 
near the base) and more widely separate, the last tooth small 
ami remote. Thorax wider than long, hairs moderate, feathered, 
the stouter, multiple ones each consisting of from 8—10 hairs. 
Abdomen somewhat stout. Eighth abdominal segment as shown 
in text dig. 2, the lateral comb composed of a,bout fifty slightly 
ehitinised scales arranged to form a triangular area,; each comb- 
scale is somewhat elongate and is armed npieally with a, fringe of 
spinules. Air*tube about twice as long as broad: peeten com¬ 
posed of some 16 evenly spaced teeth—- each pointed and with 
one or two lateral projections,—the most distal tooth situated 
about half-way along the tube. . Hair-tuft of the air-tube arising 
immediately beyond the last spine of the pee ben and composed of 
four or five feathered hairs. Anal segment as long as its greatest 
width, the chitinous plate rather small, not completely encircling 
the segment; upper pair of papillae large, about twice the length 
of the anal segment, lower pair smaller, scarcely exceeding the 
length of the segment. Dorsal hairs four in number, the upper 
pair compound composed of 3-4 hairs each, the lower pair longer 
and apparently single; ventral brush well developed, composed 
of 14 or lf> compound hairs. 


Text-figure 3. 




a, Air-irmnpot (X HO), <ui<l b. Puddle (X D) of pupa of QehU'wlntn* 
taurci, sp, n. 

Pupd: Anterior region (oephalo-thoracic mass) elongate, sub- 
pyriform, compressed veutrally and posteriorly; respiratory 
trumpets (text- fig. 3 a) conical, their apices obliquely truncate. 
Abdomen relatively stout with weak hairs; dorsal, admedian, 
pair of multiple hairs of the first segment each composed of about 
ten short,branched, hairs; second segment with a pair of smaller 
and less complex multiple, admedian, lateral hairs, and also a 
pair of longer, single or double, dorso-hairs. Remaining segments 
with similar doreo-lateral hairs, the seventh and eighth segments, 
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in addition, with a short compound .hair (that on the eighth 
segment formed of 10-12 simple hairs) arising from each of the 
dorso-anterodateral angles. Paddies (text-fig, ,U>) largo, ovoid, 
each with a, short terminal hah*. 

Mr. Laurie supplied the following data regarding (.his mos¬ 
quito :—“ Mosquito larvas and pupa* from a hollow in a fallen 
tree-trunk. Sea--level. The hollow was about 1.2 ins. x4 ins. 
and 4- ins. deep, and contained water. The larvsn and pup,*e w ere 
removed and kept in captivity (7. ] 4), and two adults emerged 
(a male on 18. 7, 14- and a female on 21.7. 1.4) before we left the 
Island.” 

Tins species, which T have much pleasure in dedicating to its 
collector, is a member of the genus Ochkrotulm in the most 
restricted sense; it resembles (). eafoni Edw. from the Madeira. 
Is., In regard to the length of the male palpi, hi general facies 
it somewhat resembles 0 . japonicas Then., and apparently is 
i‘elated to the Asiatic group of species formed by tin* last-named 
mosquito, 0. maefarkmei Edw., <). pidcriventer (\iles 0. vrwphilm 
Edw., etc. 

Five examples of a second and probably undoseribed species of 
Ochlerotatus were also captured by Mr. Laurie in a dwelling-house 
on the island. This species is dull brown in colour, and, with 
the exception of yellowish lateral abdominal spots, is devoid of 
ornamentation. Unfortunately, the specimens obtained were all 
females, and therefore until more material is available it is 
advisable to refrain from attempting an exact diagnosis. 
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ol. The Life-1l is lory and Habits of the Yellow Dung-Fly 
(a Scatophaga stercmuna) ; a possible .Blow-Fly ('hock. 
By U. ts. (loTTEiinCjL. With a Fro taco by Prof. Max¬ 
well Jjbfhov, F.Z.S.* 

(Text-figures 1-14.) 

[Received October 10, 1920 : Read October 10,1920,] 


Preface. 

This paper is an account of work undertaken to complete an 
inquiry into Blow-fiy control, of which a partial account has 
already been published by Mr. A. M. Altson iu the Proceedings of 
the Zoological Society, 1920, p. 195. Of the three important 
controls of Blow-fly in England, Mr. Altson has already dealt with 
the two common parasites: the present paper deals with what we 
believe to be the most important direct enemy of the adult fly, 
a. check which appears to be very effective in this country. The 
Yellow '.Dung-tty iirst showed itself in our work at the Zoological 
Society in 1915 in connection with methods of trapping flies: it 
came in numbers, persistently eating the adult Blow-flies, and 
seriously interfered with experiments out of doors. My observa¬ 
tions since show that while the fly preys on a large variety of 
Diptera,, it specially attacks (JaMphom and Mima* It is a 
constant, and general feeder on the common species of Blow-fly in 
England throughout the season. 

The author of this paper undertook the investigation, and 
submitted this paper as a thesis for the Diploma of the Imperial 
(•ullage: he also investigated the best means of transporting this 
species to countries where Blow-tty is a serious pest to sheep, in 
the hope that it might be possible to utilise it as a check on 
Blow-tty. 'This has not/ been possible as yet, but the species 
seems to have much value in this connection, and its habits as a 
maggot, and an adult are so harmless that it is to be hoped it 
will eventually be made use of. —11. M. Lefuoy. 

Introduction* 

The study of the life-history and habits of the Yellow Dung- 
fly was first commenced in October 1919, at a, time when the 
Blow~lly problem was receiving n great deal of attention and 
the discovery of an efficient control was sought for. 

In conjunction with other methods of control then under 
investigation, that of the Yellow Dung-fly, as a predator on the 
Blow-fly, was also studied. 

The adult tty was identified for me by Mr, Edwards, of the 
Natural History Museum, South Kensington, as Scatophaga 

* Communicated by Prof, Maxwell Ljwrot, P.Z S. 
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slercoraria L., belonging to the family < brdylurida' of the 
Acalyptrate Diptera. 

A description of the species is given in a monograph U\ 
Becker, which is at present the standard work on t he classification 
of the family Cordylurida*. 

Both sexes vary from very large and robust Hies to small 
varieties. The largest measures Jo mm. in length and the 
smallest 8 min. The span of the wings is over double the length. 

The head is globular; the eyes oval, brown, arid separated in 
both sexes by an area, equal to half the width of the head. The 
frontal stripe is rich yellowish brown in the male, dull yellow in 
the female. The frontal margins of the orbits, cheeks, ami face 
are yellow. The facial bristles are strong ; antenna black, and 
the arista bare except for the upper third, which is feathered. 

The thorax of the male is marked with longitudinal stripes on 
the dorsal surface. There is a hunch of light yellow hairs under 
each wing. The thorax of the female is coloured darker, the 
stripes more marked, and the hairs below the wings are absent, 
Both sexes have more than two rows of acwostical bristles, and 
well-marked scutellar bristles. 

The wings are slightly yellow; anterior cross*veins very 
distinct, with a smoky coloration round them. 

The femora are covered with long yellow hair in the nude, 
especially the anterior pair; other parts yellow hut not hairy. 
In the female the femora are dark ami clothed wit h a few dark 
hairs. 

The abdomen of the male is yellow and very hairy, in the, 
female yellow-green and not hairy. Tim male abdomen is 
cylindrical, terminating bluntly. There is a dark area on t he 
ventral surface of the fifth segment marking the entrance to t he 
male genital atrium. In the female it is short, broad at the base 
and conical, becoming more or less oval when gravid. 

The female is smaller than the male and darker, owing to the 
absence of the yellow hairs. The logs of both sexes are bristly 
and the puivilli well developed. 

The sexes are distinguished by the size, dillereneo in colour, 
shape of the abdomen, and the black area, on the ventral surface of 
the abdomen of the male, 

There are nineteen British species of the genus, hut I have 
never observed any other breeding in dung. 

N. menlaria is the nearest related species, hut Is distinguished 
by both sexes being dirty green in colour and by there being only 
two rows of dorso-central bristles on the thorax. 

. & sn/balaria is distinguished by the colour of Urn third antenna! 
joint, which is reddish brown. 

Spatcphaga atercorm-la is widely distributed. It'occurs as far 
north as 'Nova. Zembla and Siberia, and as far south as Nort h 
and South Africa and the Canary Islands. It is common 
throughout Europe ami is found in Asia Minor, I have seen no 
mention of it occurring in India or Australia. 

It is evidently both a temperate and sub-tropical species. 
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Atlt.oU Fee/Uny. 

Both sexes of the adult fiy a,re predaceous on other Dipfera. 
The prey is never caught on the wing, hut usually at the moment 
of settling. The captured lty is grasped firmly by the middle and 
hind legs, the bristles of the legs helping to make a, firmer grip. 
The prey is caught in such a, fashion as to bring both flies in an 
upright position and the heads one above the other. In this 
position the wings of the victim arc useless, its .legs being the 
only active part. The proboscis is then pressed against the neck 
and a puncture made through both sides. Attacked flies may all 


Text-figiire 1. 



Seutopharja stcrcorarw, $, nttuckinp? ftTmca dumeatiea. 


ho seen to have the neck stretched and a distinct hole right 
through it. In this way the nerve-cord is either cut or damaged, 
causing a partial paralysis. The contents of the thorax are tly^n 
sucked out, at the junction of the neck, as far. as the proboscis 
will 'roach. A largo amount of saliva is secreted during these 
operations, probably acting as a solvent. The bead is then turned 
round by means of the Front legs, bringing the oral margin upper¬ 
most, Another puncture is made inside the oral margin, and the 
contents of the head, including the eye-pigment, are also sucked 
out. Access to the other parts of the thorax is obtained through 
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t.lie thiol y-ehitinised membranes between the coxm and iimrax, 
The fly is then turned completely round, bringing i ho ventral 
surtaco of tile abdomen uppermost and tlio bead in a pusterior 
position. 'Idie eon ten its of the abdomen are then .sucked out 
througdi punctures between the stornitos. 

This order of feeding is invariably carried out, hut, whim food 
is abundant, the parts are only partially sucked out, the abdomen 
often not being touched. 

Attraction for more food from one victim apparently ceases 
when struggling has ceased. 

Both sexes are very strong in flight and are capable of living 
short distances, grasping flies as large as themselves. 

. I dull Jf outh-parls. 

On account of its predaceous habits the mouth-parts are 
modified accordingly. 

Externally the proboscis is of the Museid type,'he. the ordinary 
label la consisting of the fused inner lobes of the labium, the 
pseudo-trachea*, thelal>rum-cpipharynx, hypopharyux, and maxil¬ 
lary palpi. These structures are identical with those found in 
Mrnca fhmmtlca or (JaUiphora erj/throcvpluda. in which the pro¬ 
boscis is adapted for licking. The only modifications due to its 
predaceous ha,bit {ire found in the internal chit ini sod structures 
of the la,helium, or oral disc, and haustellum. 

The structure of the rostrum, or proximal portion of the 
proboscis, is identical with that of C, erptJirowpfadu .‘is described 
by Lowne. The main ehitinised structure is the fulcrum (text- 
fig. 2,«) enclosing the pharynx. This has been compared by 
Kraepelin to a Spanish stirrup-iron with a double foot-plate, the 
foot-plate being posterior and the toe at Urn lower end. Tim 
whole structure of the rostrum resembles that of a truncated 
cone with the apex downwards. 

The haustellum or arm of the proboscis is cylindrical in shape, 
Proximally it is attached to the lower cud of the rostrum, and 
distal ly to the oral disc. It is enclosed on its lateral and 
ventral sides by a convex sclerite, the theca, (text-dig, 2J). This 
articulates proximally with the fulcrum and distally with the 
furea, (text-fig. 2,//), a tri-rad late sclerite forming the chief 
internal skeletal structure of the oral disc. 

The labiTiiu-epipharynx (texf-iig. 2, d) and hypopliarynx (text- 
fig. %e), enclosing the salivary duct, lie over the dorsal portion of 
the haustellum as in the House-fly. 

The oral disc consists of two lobes united posteriorly by a ball- 
and-socket joint, each grooved on its oral surface by a number of 
pseudotmehese (text-fig. 2,&). The oral aperture is situated 
between the lobes at their point of junction, A space below the 
mouth is kept open by a pair of sderites, the (fiscal sclerite* 
(text-fig. 2, A), deeply embedded in the oral disc. These sclerite,s 
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{ire united, posteriorly, forming a U-sltaped structure. This space 
is the oral pit, and the common trunks of the psewlotraehere 
open into this. 

Up to this point the structure, except for minor details, is 
identical with that, of the Blow-fly or House-fly. In addition, 
however, the haustellmn is strengthened by a pair of long, 
chitinised rods (text-fig. 2,/), articulating proximallv with the 
fulcrum and distally with the diseal sclerit.es. These occur also 
in the House-fly and Blow-fly, hut are only very slender rods. 


Text-figure 2. 



Mouth-purlH of adult:— a, fulcrum; d, lahmin-Gpipharynx; c, liypopharyux; 
f rods; ,</, furca; //, discal scilmute; i, tooth ; ;/, theca ; psemiotrachcm. 


They play an hnportant part in the articulation of the oral 
disc* in this case the oral disc is extremely .mobile and used for 
rasping as well as sucking, therefore the rods are more strongly 
developed. These rods are called parapllyses by Lowne in his 
description of the Blow-tty. 

The paraphyses articulate distally with the discal sclerite: thus, 
there are two articulation points between the haustellmn and 
oral disc—the first between the theca, and furca, and the second 
between the paraph ysos and the discal sclerite. 

To each arm of the discal sclerite a set of teeth is attached 
Pkoc. Zool, Boa—1920, No. XLIL 42 





634 


MR. tt. 8. COTTKIWjjLL ON TIIK LlKK-IHSTOrtY 


(text-fig. 2,i). Kiicli set consists of five tooth, the middle our 
being the most prominent. They are placed on each side of the 
oral aperture between the two lobes of the oral disc. Tiny pro¬ 
bably correspond to the teeth in the House-fly, forming tin* lateral 
edges of the gutters or continuations of the common trunks of 
the united pseiidotraoheio described by (.Imham-Kmikh. There 
are three rows on each side of the oral pit in the House- fly, but 
only one pair on each in Scaiophaga. They function to a, very 
small extent for rasping in the ifouse-liy, and in Bcafop/iayu they 
exist essentially for rasping. If tins point is correct, the month- 
parts are identical with those of the sucking Museids, except for 
certain modifications of the ehitinised structures, partieularly of 
the paraphyses and teeth, in accordance with its predaceous habits. 

The method of sucking is similar to that of tint I How fly or 
House-fly. The liquid food is sucked up through the pseudo- 
traeheie into the oial pit and so into the mouth. 

By the alternate upward and downward movement of the 
paraphyses the oral disc is worked in a backward and forward 
direction, and, consequently, a rasping is caused by the teeth on 
any surface they are in contact with. In tins maimer the 
thinly-chitinised. parts of other Diptera are easily punctured. 
The internal tissues are broken down by further rasping, and 
apparently partially dissolved by the large amount of saliva, 
secreted. The liquid food is then sucked up through the pseudo- 
tracheae. 

The theca serves not only as an external skeleton to the 
haustellmn, but also protects it from whatever damage it might 
incur from coining in contact with the jagged edges of chitlin 
when inserted in a, hole in its victim. 

Breeding Media . 

The breeding media, consist entirely of excrement providing a 
sufficient consistency for the larva, to complete its life without if 
becoming dry. This includes human excrement, poultry, sheep 
and ca ttle excrement, and horse excrement. The last-men tinned 
is very rarely used for oviposition. Sheep and cattle excrement 
is preferred chiefly on account of its viscosity and the amount 
obtainable in pastures. Cattle excrement was used in the 
breeding-jars in the laboratory, 

(At the ltoyal Naval Cordite Factory at Holton Heath a largo 
mass of sludge accumulated from septic sewage tanks; this sludge 
was in the open, and was about the consistency of fresh cow-dung; 
it contained an enormous number of this fly in all stages of 
development, and formed a very suitable breeding medium. 
I believed that the marked absence of House-flies and Blow-flies 
at Holton Heath was in part due to this, but I bad no direct 
eviderxce,—H, M. I j,) 
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Female (lanitalin and Method of 0exposition. 

As seen externally, Mm? apex of film a 1 x 1«»n m i n of the female mills 
in two sotifcrous lobes (text-fig, 3, a), between which the amis 
opens, Below this again is the retractile ovipositor (text-fig. 3, 6). 
This consists of a pair of ehitinised blades attached, proximally, 
to a membranous tube. The whole of this can he retracted within 
the a bdomen. The blades are pointed and, when placed together, 
form a groove. The common oviduct, which is very large, opens 
into it. 

When < oviposition is about to take place, the abdomen is 
stretched out horizontally with the ovipositor extruded. In this 
position an egg is passed down into the groove formed by the 
juxtaposition of the two bliules of the ovipositor. Ovipositor 
and egg are then pressed down into the dung obliquely. The 
blades are pulled apart and the egg released. 

Text-figure 3. 



Ahdomrn of female 8. sfercovana, with genitalia extended. 

The eggs are more or less scattered over the surface of the 
dung, but ten or fifteen or more may he deposited in one small 
area, particularly whore there is a crack or a crevice where the 
softer parts of the dung are exposed. 

Fresh dung is preferred by the females for oviposition, but 
occasionally eggs are laid in dung a, week or more old. In this 
case the crust on the surface, of the dung is too hard for the ovi¬ 
positor to he inserted deeply, and eggs are often seen only half 
buried. This does not. prevent the egg from hatching, but the 
larva usually has difficulty in getting through the hardened crust 
of the flung, 

Oviposition occasionally takes place with the male in siitr, hi 
which case the male removes his abdomen from that of the 
female, and, instead of clasping her with Ids two front pairs of 
legs, drops hack clasping her only with the front pair. The 
female then can manipulate her abdomen freely whilst the male 
follows her about. 

When a. female is gra-vid, the abdomen is so distended as to 
make her practically incapable of flight. The abdomen is re¬ 
duced to nearly a fourth its size when oviposition has taken 
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The 

The egg is creamy-white when, first laid, becoming darker ns 
the incubation period increases. I(. measures frein '! to *A mm, 
in length and is slightly curved. 

It is especially characteristic in having two wing'dike oxt.en 
sions of the chorion at its anterior end (text, tigs, 4 & f>, nb 
These are covered with extremely short static on their nudes* 
surfaces, and serve as a support in the dung. The egg is laid 
obliquely at an angle of from 15" to TT with the surface of lh< 
dung, so that the two extensions lie Hat on tin* surface. The 
micropyle (text-figs. 4 & 5, c) is situated between the ex¬ 
tensions, and is drawn out into a short crest (textdigs. 4 & fi, h) 
at the anterior end between the two extensions. Its surface is 
finely sculptured. The two extensions and the micropyle sire all 


Text-figure 4. Text-figure 5. 




TuxMig. 4—K<™* of 8 . slmoraria, wliowtiif,? Kupptu'Unjg wingK. 
5,— Ihiteliol ogg of A#. Moreonmit, 


exposed on the surface. The wall at the base of the egg (text 
fig, 5, e) is thickened, giving greater strength, as this is the part 
of the egg which first comes into contact with the dung when 
oviposition is taking place. The egg is broken by means of a 
transverse split behind the micropyle (text-fig. 5), 

In summer the whole surface of a deposit of cow-dung may 
be seen covered with the wing-like extensions of the eggs,’ The 
incubation period varies from one to two days according to tem¬ 
perature. This period is much more constant than oilier periods 
in the life-history, as temperature is the only governing factor. 

The newly-hatched larva, breaks the egg behind the micro]>ybg 
crawls out on to the surface of the dung, and seeks a convenient 
crack by which to gain access to the softer parts of the dung. 
This may kike some considerable time if the dung has been de¬ 
posited for some time, and consequently become dry on the surface. 
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A. number <>t newly hatched larva* perish through not getting in 
before they starve. 

The Larva.—First Instar. 

The larva immediately after hatching measures from 2 to 
3 mm. in length. The body is cylindrical, composed of twelve 
segments, and generally tapers to a point at the anterior end. 
The posterior end is truncate, forming the anal plate. In this 
stage the larva is nietapneustie, the two spiracles being placed 
side by side on the anal plate. Each consists of a chitinised ring, 
situated on a pair of short projections from the anal plate, en¬ 
closing two slit-like apertures. The anal plate is bordered by a 
number of tubercles, the position of which will be described in 
a later in star. 

The first four segments are devoid of spines. Very delicate 
spines occur on the anterior border of each segment from the 
fifth'posteriorly. The area covered on each segment increases 
proceeding posteriorly, the whole surface of the last two segments 
being uniformly covered. 


Text-figure 6. 



The first segment is divided dorso-ventrally by n cleft forming 
the two oral lobes (text-fig. (5, h). Each lobe carries a pair of 
sense tubercles (text-fig. 6, i). In addition, the ventral surface 
of the first segment is provided with a. transverse row of strong 
baekwardiy-eurvod spines (text-fig. (>, e). These are locomotory 
in function. Iveilin mentions them as being present in the 
first instar larva, of Musca msimilis . Below the spines there are 
two channels running more or less parallel with each other. They 
originate at the mouth, and rim out laterally over the ventral 
surface of the first segment. They are fringed with hair, and 
direct the liquid food towards the mouth (text-fig. 6,/). 
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Tiie chifcinised mouth-parts are slender. (Jommencing pos¬ 
teriorly there are a pair of U-shaped sclerites (text-fig. C>, <t>) with 
the arms directed backwards. The anterior end of each is ex • 
tended (text-fig. ti, b) for articulation with a large median selerifo 
(text-lig. G, c). ' The posterior sclerites, which correspond to Uu; 
lateral pharyngeal sclerites of the full-grown larva., are miiLed 
dorso-laterally by a cliitinised hand (text-lig. (>, </). A pair ol 
sclerites are also found embedded in the first segment.(text- 
fig. 6, d). These probably correspond to the buccal sclerites or 
hooks of the full-grown larva. They articulate at their bases 
with the median seierite and give rigidity to the oral lobes, 

The hooks of the second instar appear behind those of the first 
a few hours before ecdysis, and become functional as locomotory 
organs (text-fig, 7). 

Text-figure 7. 



Larva of S. stercomrta . 1st and 2nd instars. 

The anterior and posterior spiracles and the remainder of the 
mouth-parts of the second instar do not appear until just before 
the moult. An entirely new set of mouth-parts can be seen in a 
preparation made an hour or so before the moult, 

Ecdysis takes place on the first or second day after hatching, 
the instar lasting from one to two days. 

During this instar the larva is very active. In the jars used in 
the laboratory, occasionally the larvae hatched out into too liquid 
dung to allow of a sufficient supply of air below the surface. 
They were observed to be hanging on to the surface-film with 
their posterior spiracles exposed, disappearing on being disturbed, 
reappearing later in the same place. On one occasion the dung 
remained sufficiently moist to necessitate this during the first two 
instars. It was only when the third instar was reached that a 
sufficient air-supply was obtainable below the surface. Probably 
under natural conditions, where the dung is exposed to wind and 
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other drying factors, it would dry up to a, sufficient consistency 
for the Surra, to commence living a norma,l existence buried in the 
dung itself. 

The Larva.—Second Instar . 

After the first ccdysis the larva, increased considerably in size. 
It measures from four to six millimetres in length. The general 
shape of the body and the number of segments remain constant 
throughout larval life. It is now amphipncustic, being provided 
with a,n anterior pair of spiracles (text-fig. 8, j) in addition to 
the posterior pair. The anterior spiracles a,re situated at the 
junction of the second and third segments, and will be described 
in detail in the following instar. The posterior pair are identical 
with those described in the preceding in,star. 


Text-fig ure 8, 


Larva of#, titcrooiutria. 


2nd insiiir. 



The loeomobory spines on the first segment in the previous 
iustar have now disappeared. Spines similar to those of the first 
instar hut proportionately larger occur on each segment behind 
the fourth. They are concentrated on the anterior border of the 
fifth, sixth, and seventh segments, but the area covered increases 
posteriorly. The last few segments are uniformly covered. 

The first segment is similar to that described previously, but 
the loeomotory spines are absent. Also the two parallel channels 
converging into the mouth are now replaced by a number of 
channels radiating from the mouth over the ventral surface of the 
oral lobes (text-fig, 8,/). 

The ehitinised mouth-parts have no similarity with those 
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described previously, except- for the structure of fbe lateral 
pharyngeal plates (text-fig. 8, a). These an*, similar in structure, 
but are more strongly ehitinised and longer in proportion to their 
breadth. They are united dorsally by a ehitinised ham'!, and cen¬ 
trally by a thinly-chitinised membrane terming the Hour <4 the 
pharynx (text-fig. 8, l). The median piece is replaced by a, pair 
of ehitinised rods, the intermediary selerit.es (text-fig. 8. h ), which 
are united transversely by si bar of chit in. Dorsal to each inter¬ 
mediary selerite and lying close up to each there is a, slender 
ehitinised rod. 

The buccal sclerifces are elongate and spoon-shaped (text- 
fig. 8, cl & text-fig. 9). The exterior lateral edge of each bears four 
teeth. Tent rally, and at the base of the hooks, there are a pair of 
short ehitinised rods (text-fig. 8, m) which support the oral 
opening. 

The buccal sclerites of the third instar appear dorsally to 
those of the second instav two days before eedysis, becoming fully 
ehitinised and functional one day before eedysis. The remainder 
of the mouth-parts do not become fully ehitinised until a, few 
hours before eedysis. A complete second set of month-parts was 
never definitely observed at this moult, but as all the mouth-parts 
of the first instar are thrown olF, the same may be taken for 
granted to occur here. The new anterior nml posterior spiracles 
can also be seen underlying those of the present inst-ar. 

The second eedysis takes place on the third and fourth day of 
larval life, this period lasting from 60 hours to 6 days. 

The Larva.—Third Tmlar . 

In the third and final larval inst-ar the larva increases greatly 
in size, measuring, when full-grown and fully-extended, from one 
to one and a, half centimetres in length. The general external 
shape is similar to that described in the preceding in.stars. 

The anal plate (text-fig. 11) is surrounded by twelve tubercles. 
The two largest are situated further forward than the rest on the 
ventral surface of the last segment immediately behind the anus. 
The remainder are situated, on the border of tile anal plate, eight 
laterally (four on each side) and two dorsally. Ju addition, there 
are three situated‘on the anal plate itself below the spiracles. 

Spines (text-fig. 12) occur on each segment from the fifth seg¬ 
ment posteriorly, concentrated on the anterior border, Tim last, 
few segments are uniformly covered. A bolt of spines also occurs 
round the middle of the fourth segment. The anterior borders 
of the four anterior segments bear a number of small projecting 
plates (text-fig. 13) arranged in a number of concentric rings round 
the segment. Each plate lies against the side of the body, but, 
is hinged anteriorly and can be pushed away from the body. 
These help to give the first segments a grip when pushed into 
the dung, but they can also be pulled in against the side of the 
body if tbe larva wishes to withdraw its anterior segments. They 
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j-ire l.o be contras it'd with the spines covering the remainder of 
the hotly, which also help to give the segments a grip on the sides 
of the larval hm-row, hut, being fixed, prevent a backward move¬ 
ment. If tlio anterior segments were covered with these, the 


Text-figure 9. 




Larva of sterMmria. tin! iastar. 


Text-figure JO. 



I’anterior spiracles. 3rd iastar. 


larva, once having pushed its head in one direction, would be 
obliged to continue whether it wanted to or not. The hinged 
plates give it a chance to make a second investigation in another 
direction provided that it has not gone too far. 
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The first segment is divided into two ora! lobes with rad inti ng 
food-channels on their ventral surfaces as in tin* preceding h*stm\ 

The chitinised mouth-parts arts .simil<*ir in general structure to 
those of the second instar, but a,re proportionately stronger. Tim 
lateral pharyngeal sclerites are longer ami more deeply chit 
(text-fig. 9, a). The intermediary sclerites are much thickened 
•and shortened. The buccal sclerites (text- fig. 9, <!) have no 
similarity with those of the second in star. They have lost the 
spoon-shaped structure, and are now a pair of stout veiitrally 
curved hooks. They are pointed anteriorly and thickened where 
they articulate with the intermediary sclerites. They project 
externally over the oral opening. 

The anterior spiracles (textdig. 9) are situated laterally at the 
junction of'the second and third segments. They consist of a, 
short chitinised trunk, projecting forwards and externally from 
the junction of the segments. The trunk divides into two lobes, 
each lobe bearing usually eight papilla*, making sixteen in all. 
Each papilla is pierced by a small lumen for the ingress of air. 
The number of papillae varies from sixteen to eighteen in different 
larvae. 

The posterior spiracles (text-fig. 10) are situated side by side in 
the middle of the anal plate. Each consists of a chitinised ring, 
situated on a short projection, enclosing three slit like apertures. 
The apertures are bordered by inwardly projecting filaments 
serving as a sieve for the incoming air. These spiracles are the 
most necessary to the larva, being those it keeps above the surface - 
film when living in very liquid dung. The respective anterior 
and posterior spiracles are connected by two lateral longitudinal 
tracheal trunks. The lateral trunks are connected, soon, after 
their origins from the posterior spiracles, by a transverse trunk. 
In addition the longitudinal trunks give off small branches in 
each segment. 

The anus is situated on the triangular plate on the ventral 
surface of the last segment. This plate is devoid of spines, and 
appears to be glandular in structure. 

The third instar period takes from (> to 9 days, pupation 
taking place on the ninth to twelth day of larval life. 

The larva is active only during the first two days of this instar, 
after which it seeks the drier parts of the dung or the soil, 
preferably the latter. During the inactive period it changes 
from a more or less transparent appea,ranee to an opaque one, 
clue to the great development of the fat-body. 

Great difficulty was experienced in determining whether the 
whole of the chitinised mouth-parts were thrown off at eedysis. 
Owing to the thin epidermis and the impossibility of finding cast 
skins in the dung, a set of old mouth-parts was never found. 
Theoretically the complete set should be thrown off, and recently 
I had the good fortune to mount a preparation within an hour 
or so of the first moult showing a complete second set outside 
the old set. Up to this time I had proof that the buccal and 
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Text-figure II. 



Schematic drawing of anal plate. 


Text-figure 12. 


Spinet* of fifth and later segments. 

Toxt-figuro 13. 





Modified «*in«H of anterior four segment 




MR. 0. 8. Cori’KItliLfj ON THIS i>\ Fi'HJUSTOKY 


644 

intermediary sclerites wort*, thrown oil*, hut it. seemed impossible 
that the larva could be capable of throwing oil’ Mm large lateral 
pharyngeal plates. No conclusive proof vies obtained of the 
complete throwing-off of the second instar mouth-parts at the 
second moult, but this may be taken tor granted as occurring as 
well as at the first moult. 

The total larval life takes from 0 to 12 days. The minimum 
time observed was 8 days ami the maximum 14 days, hlleven 
clays is the usual length of time under laboratory conditions. 

The total larval life and the ultimate size oi the larva,, and 
therefore the pupnrium, are controlled to a, very large extent, by 
the temperature and condition of the breeding medium. Lack of 
moisture is a very important factor. This explains the variety 
in size of the adults. 


The Pnparmm. 

At pupation the two anterior segments of the larva, are with¬ 
drawn, bringing the anterior spiracles in a forward position, in 
this position the larval skin slowly changes to the brick-rod 
colour characteristic of the pupnrium (textdig. 14). The colour 
changes to black as the pupal period advances, it is more or 
less cigar-shaped; the anterior end is slightly flattened dorso- 
ventrally. The anterior spiracles can bo soon a,s two dark 
projections at the anterior end. It measures from (> mm. to over 
a centimetre in length. The size varies according to the con¬ 
ditions governing the life of the larva, mentioned earlier* 

From larva* bred in the laboratory a. large percentage pupated 
in the hardened upper crust of the dung. This was probably duo 
to the soil being too moist in the jars, as there was no outlet 
to allow the excess moisture to get away. 'Under ordinary 
conditions the soil is preferred, as in field observations very lew 
puparia were observed in dung. 

The pupal period takes from 10 to 17 days. Tim minimum 
time observed was 6 days and the maximum 18 days. 

The following data give the comparative larval and pupal 
periods for a number of batches bred - - 


OvipoHition. 

Kgg. 

I. instar 

1 

II. instill'. 1 Ilf. histur. 

Pupa, I Tutnb ThniruvuoJ 

! i 

Ian. 6tin 

48-54 lirs. 

36 lirs. 

36-601ms. 

0 -7 days. 

6 days. 17-40 days !him 22'24. 

i 

Feb. 17th. 

20-24 lirs. 

36 lirs. 

60 lirs. 

6 days. 

13-14 dnys.124-25 days.! Mar. 12-18. 

Mar. 1st. i 

36—42 lirs. ! 

86 lirs. 

36 lira. 

6-7 days. 

i 9-10 days.; 19-21 days. Mar, 20-22. 

Mar. 18th. 

48 lirs. 

86 lirs. 

86 lirs. 

9 days. 

16-17 daysJlJMl days, [Apr. 17-18. 

; May 7th. 

48 lirs. 

36 lirs. ’ 

48 lirs. 

I 

7-8 days, i 

j 1 

16 daya.28-30 daysjd un<; 4 -0. 

! ! 
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The minimum time from adult to adult observed was IT days 
and the maximum T1 days. ’The. average time from the table 
given above is lU days, but this time, as stated earlier, is governed 
by temperature and the consistency of breeding media. 

In one batch of larvae broil in dry dung the larvae. were 
observed to have collected in one spot where the only moisture 
was. These did not reach the third instar until after a. week of 
lama! life. They were transferred to fresh dung later, so. that 
the total larval lib? was not observed. Under similar conditions 
the larval life may take as much as three times as long as the 
maximum observed. 


Text-figure 14. 



Pupnrimn. 


Sexual maturity is* not reached until after 21 days of adult, life. 
•During 'lid* time the nude* have no attraction toward* the 
females, and, owing to the nude being the more robust, the latter 
are liable to bo attacked tildes* si sufficient supply of food is 


Dor,illation takes place about two days before oviposition. l ie 
life of the undo is considerably longer than that of the female. 
No definite results worn obtained on the life of the female. No 
females were observed to lay more than 120 eggs. It w pro¬ 
bable that one female is capable of laying from 100 to 1,)0 
,.mrs and then dies. Eggs are laid m one batch of from 40 to 80 
ami afterwards, 10 or 20 at, a time at intervals. 

The total life-cycle from egg to egg takes from six to seven 

weeks. 
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Breeding takes place regularly from April to October, and 
there are probably live broods a year. 

No definite results were obtained on hibernation, but evidently 
a large number hibernate as adults. A number ol pupio were 
exposed to cold weather during December, but the adults all 
emerged without exception. This implies that hibernation does 
not take place in. the pupal stage, but it may be that the process 
of histogenesis had proceeded beyond a certain point before being 
placed in the cold, and the breaking down and building up of 
tissues in the pupa. 4 were carried on. A large amount of adults 
are seen about on warm sunny days in winter, but IK) per cent, 
are males, I think that probably the majority hibernate as 
adults, but that only those females survive that failed to ovi¬ 
posit before the cold weather set in. This would account for the 
difference in proportion of the sexes. Probably a lew survive 
the winter as puparia and the larger proportion as adults. 
Investigations extended over another winter would prove this 
point. Graham-Smith remarks that S, stereoraria hibernates as 
a resting larva or pupa in the soil, a few surviving the winter 
as adults. 

A number of flies were placed in a glass-house heated by two 
electric radiators. During one night the temperature rose to 
over 90° F., with the result that they were all found dead the 
following morning. It appears from this that the tty is not 
capable of withstanding high temperatures. The fly is, however, 
a subtropical one as well as a temperate one, and should there¬ 
fore be able to stand this temperature. The sudden change from 
a mild temperature to a hot one and the lack of ventilation were 
probably the cause. It must also be remarked that the Hies 
were of a very large variety. The largest and smallest varieties 
are not so resistant to unfavourable conditions as the average 
sized varieties. 

The food of the adults is very varied, but confined to other 
'Diptera. The small Borborid tty (Boi'horna wjnhim) appears to 
be the chief article of diet in the field, chiefly as it breeds 
abundantly in horse excrement and as it passes the winter as an 
adult. Larger flies, however, are preyed upon, such ns ('idlipltoru, 
ln.cilia } M. domeMka, etc. Probably all species of Dipt era. are 
preyed upon, with the exception of those of fast flight, such as 
Syrphid.'e and Btratiomyidax I observed, on one occasion, a 
large male attempt to capture a small dung-beetle (fifadrnpes) 
as the latter was settling. At the Zoological Gardens in j 9 J 5 
Professor LefroyN experiments with fly-traps were interfered 
with by the abundance of the adult $. stereoraria that fed on the 
trapped flies, chiefly blow-flies of the genus Oattipiwm . 

In summer the adults may be seen on plants ami flowers far 
away from pastures waiting for other flies to settle in the vicinity. 

M, domestica was used as food almost entirely in the laboratory, 
each fly sucking out as many as a dozen a day* 
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A a him! tivemics. 

Natural enemies worn not. observed. The Scambeid and 
Ktaphylinid beetles and their larva*, which brood in dung, do nob 
appear to attack the larva« of StuMopl/aya, 

< bio Irhimumouid parasite was bred oub from pupa', but., having 
failed bo reach tho surface of the soil, was in too bad a state of 
preservation bo be, identified. 

A large number of birds nre mentioned by Newstead as feeding 
on Searabeid b(»etles and IMiiscId larva* breeding in dung, so that 
t bey very probably are a considerable cheek on tin* spread of 
St'aloplintju* 

A number of larvae are probably destroyed by natural con¬ 
ditions such as tin* too rapid drying up of the dung or owing to 
the dung lining trodden on and spread about by cattle. 
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!»5. Remarks on the Respiratory Movements of JVrchivnsn ml 
(''lyfttoltnuirhtf .sx 1»V A. WlM.KY, M.A., O.Sc., F.U.8., 

K.Z.N. 


i iUionwd Oriohev *2o, 1020: Iiwitl Novainlu'r 2, 1020.] 

I no, former paper certain facts wove pubhshed showing that, 
under the conditions of observation, AVr/ooum, the 44 IS 1 in 1 Puppy 11 
or “(blind Salamander,” is norma.lly a, water-breath or, nut n,n 
air brca.ibor ' ,t ‘. Shortly afterwards L had the opportunity (May 
24 and 25, 1 h 1 <S) of observing Xecturtm under the conditions 
presented to it- in the Now York Aquarium, and of comparing its 
behaviour with that, of the 4k hellbender,” ('ryptohranckus 

| r=s M CHOptUHtl |. 

Pet.ween 1 i A M, and noon on May 24, after watching for ten 
minutes, I saw one (U'yplahmnclmx yawn slowly to the full 
extent of its gape under water at the bottom of the deep 
aquarium* Two others afterwards went through the same 
performance, i r. yawning under water. Thera were more than 
a dozen individuals, all resting at the bottom of the aquarium 
during my forty-minute vigil. One of them gave two rather 
copious emissions of air from t he mouth, and a. bubble was seen to 
rise from i be right, gill -pore. None visited the surface. While 
at the bottom tiny have a. way of swaying gently from side to 
side, whereby the longitudinal lateral cutaneous ilap waves up 
and down. 

At the same hour on the following day .1 found the hellbenders 
actively engaged in ascending to the surface, remaining for some 
minutes just below the surface suspended in the water with 
arched back, retaining ( bat attitude whilst sinking to the bottom, 
or else deliberately swimming to the bottom. They protruded 
I,hide muzzles above the snrfa.ee without opening the mouth, and 
in one ease a deep inspiration, through the nostrils was eHeefcd by 
t he dilatation of the byobrancbial apparatus. The air thus ta.ken 
in may la* expelled quickly from the mouth in a continuous 
stream* of bubbles, perhaps indicating that it had been used for 

o ro p 1 e y y n geal res pi rat h m . 

(Uant Salamanders ( ( ww&vw//■#), in a. neighbouring tank, 
behaved like the hellbenders. On May 24they were resting at 
the bottom of the deep aquarium ; one of them emitted some air 
through the mouth; none visited the surface. But on the 
following day they were restless, ascending to the surface, I saw 
cme of them, after pushing its muzzle above the surface, take a, 
slow and deep inspiration through the nostrils by the dilatation, 
to fail capacity, 'of the hyobranchial apparatus, The latter 

* A. Willt-v : a iSnmdmuWmtt uml Itmiwliiotremn .' 1 Tunis, Roy. Soe. Canada, 
;mi mr„ vot. xu. seek iv. (May UJlHh py. Vlv J.04 Ottawa, lWltb 

PfUHA floor,. Sacv.i 920, No. KUIL ' 
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ImlooH conspicuously downwards and backwards so that. the 
greatest con voxi tv' lies behind, at I lie base of the threat. 
Vresumablv, in this act of* dilation, l In* glottis is opened ; and, in 
fact;, ( f r>//>iofn'tun'Iut.s sunns to show some increase of ‘-ii'fhnHoi* 
Inhiilut ion. 

Inhalation through the nostrils was »>l»scrv« d by M. !». \\ ilder 
in a Japanese (U'tifrtvhi vn/rAca, « : 1 t c o *1. long, which ho kept in 
shallow water snllieicnti to cover it, A The downward prot rusion 
of file iloor of the nuMit.li in uarial inspiration, tho arching of tho 
back, and the swaying movement at Mm hot tom have horns 
described by A. M. Jtecset*. who adds Mint tin* hellbender will 
survive more Mian a week's exposure out of water without 
suffering any permanent diminution of vitality. The longest time 
that any individual was observed by him to remain under water 
was 4b minutes. Ih (I. Smith $ confirmed the observation t hat 
the arching of the bark is a, sign that air has entered the lungs. 
JSo writer seems to have reported the extraordinary yawning 
under waiter to which 1 have alluded. 

Another equally deep tank held at least a dozen examples of 
Xectiirt^, On hath occasions they remained undisturbed at the 
bottom of the aquarium without bet raying any signs of unusual 
activity such as would attend recent or approaching visits to tho 
surface. Borneo!' them had Jived for t hree years in Mu 1 aquarium ; 
their bodies were sleek, firmly rounded, and fully extended. 

There is a point concerning the vascular system which requires 
slight emendation. All the blood that loaves tho heart, of 
Xedvras passes through tho afferent branchial arteries to the 
external gills. J. E. V. Boos (Morph. Jahrb, vii. 188:5) had 
described an external carotid artery arising from Urn first a Heron t 
artery on each side, between the I mart and Mm huso of tho first, 
gill. I have satisfied myself by injection that this artery does 
not exist in the position claimed for it. by lions. It. arises from 
the first efferent, artery as described and figured by W, S. Miller jj. 

Unfortunately, two papers by If. L. limner had escaped mv 
notice earlier |j. In these regular oscillations <f the lloor of Mm 
mouth in aquatic respiration are attributed to «'WWw/v/*\ and, 
under certain experimental conditions, of winch temperature is 

one of the factors, pulmonary respiration is stated to occur at in. 

tervals. .Bruner's analysis of the respiratory movements observed 

* Burt, 0. Wilder: **0n the habits nlTV,vpOJov;/r//c#.” Amur. Nal. xvi. an. SIC 

817,183*2. t 

t Albert M. Rem': “Tim habits of: tin* Giant Hahammtkr.” Pop. Science 
Monthly, vol. h*ii. pp. o‘2(S 531. Now York, 1008. 

* Bertram 0, Smith : “Tim li f<*d uslory ami habits of Vrj/phtfmuw/uut alkithuiU 
ends.” Biol, Hull, xiit. pp, 5-3$), 1007. 

§ W. H. Miller The vascular system of A Wfttru/t nutmhitm," Contributions 
from tho Aimromjcal Laboratory of tho University of Wisconsin, Bull. Uuiv, 
Wisconsin, No. 33, Science Series, vol. ii. No.3, pp. ‘ill. 2*2(5, V U, ix. wa. Mmlisom 
Wisconsin, 1900, 

,11 H. UBrumu*: 1. <c Tim Mechanism of Pulmonary Respiration in Amphibians 
with Gill-Clefts.” Morph. Jabrh. xlviti. pp. 03 -82, HIM ii. “ Jacobson’s Organ a ml 
the Respiratory Mechanism of Amphibians;” JbUl. pp. 157 .U‘>b, 
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hy him in XdHnrvx dons not include the gross Happing of the* ex¬ 
ternal gills. Then* is, idioi‘<d*<>i*ts an apparent textual discrepancy 
between his account :vn<! mine, which will doubtless ho. cleared l>y 
furlJms* independent ohseiwatious. I>run« i r fortifies hisstatements 
concerning the “buccopharyngeal mechanism" hv a careful 
description of the (* I u >m.i i: ti valve ol* Arc/auv/.s* ; and ho soon is to 
assign a preponderate ng volt*, to tin* gill-clefts in tin* branchial 
rospiration of this genus, It is not altogether inconceivable that 
in dideront parts of its climatic ran ye, as well as under diverse 
laboratory conditions, the several components of the respiratory 
tract may vary in the relative frequency of their turns. The 
behaviour of (Vj/pluhrtmclt<nti informs ns that, not every ya wn is 
an act of breathing, No contrast eon Id he more realistic than 
that between the restless, air-craving ( 'ryplohtmuth-w and the 
listless, gill-waving NmIh-m* when viewed at the right biological 
moment in the splendidly appointed tanks of the New York 
Aquarium. 

McGill University, Montreal, 

October 10, ,11 WO. 
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EXHIBITIONS AND NOTICES. 

October 19th, 1920. 

Prof. E. W. MacB hide, P.R.S., P.Z.tt., Vice-President, 
in the Chair. 

The Secretary read tho following Report on tlie Additions 
to the Society's Menagerie during the mouths of June, July, 
August, and September, 1920. 


June. 

The registered additions to the Society's Menagerie during the 
month of Juno were 495 in number. Of these 267 were acquired 
by presentation, 32 were deposited, 155 were purchased, 12 were 
received in exchange, and 29 were born in the Menagerie. 

The following may be specially mentioned :— 

Mammalia* 

1 American Bison [Bison aviericamis ), o , born in the Mena¬ 
gerie on June 1st. 

1 Duke of Bedford’s Deer ( (Jertms xanthopty (plus') , ?., from Man¬ 
churia, deposited by H.G. The Duke of Bedford, K.G., Pres. Z.S., 
on June 2nd. 

1 Hippopotamus (Hippopotmiim amphibuis ), from the 
Upper Nile, purchased on June 9tli. 

1 Oak-Dormouse (Dyromys nitkhda ), from Kedos, Anatolia, 
presented by Capt. G. Noel Rogers on June 5th. New to 
the Collection. 

Axes. 

1 (drey-cheeked Thrush (llyheichla alieicn), from N, America; 

1 Rod-eyed Vireo { Vireo oliracea), from N. America; 2 Cali¬ 
fornian Ground Pinches {Pipilo crisstdts), from N, America; 

2 Texas Colins (PolInns lexanas), from Texas ; 4 Mexican Gold¬ 
finches (Okryxomilris 'inxxicanus), from Mexico; 4 Pine-Siskins 
{Spinas -pi him), from N. America; 2 Rufous-winged Tyrants 
(PUanyas ru/ipennis), from Colombia; 1 Sun-bias Jay ( (Jissolopha 
sanblasiana), from Mexico; 2 Luca Doves (Scaniafella inca) } from 
Central America; l Veim/molan Mot mot (Momolns mmzudce), 
from Venezuela; 2 Red-winged Doves ( Chammpelia ruftpennis ), 
from Central America ; 2 Mexican Ground-Doves (Chwmcepclm 
pfdlesems), from Mexico ; 1 Northern Guam (Ortalis maccalli ), 
from S. Texas; 1 Western Gull ( Larus occidental is), from Pacific 
Coast of N, America; 1 Pacific Gull (Gabianns pacificus ). All 
presented by tlie Zoological Society of New York on July 9th, 
and all new to tho Collection. 
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?) .Burolioirs 0lossy Starlings (huntprocoU.nn tin*tfnthn), irom 
S. Africa, received in exchange on June i/lh. Now (o i.he 
Collection. 

licpliltn . 

L N ighh Tree-Snake (l)i/)SU<l<n)H>rpIuis \te>oi rophihis). I nun 
Malay Peninsula, purchased dune 1 t.li. New 1,»» the Collection. 


dui/V. 

The registered additions to tin* Society's Menagerie during the 
month of duly were 411$ in number. Oi these 71 were aequired 
by presentation, 24 were deposited, 251 wore purchased, and H7 
were born in the Men agenda 

The following may be specially mentioned :~— 


Mu-vmudiu. 

2 Tigers (Felts thjrls)^ from India,, presented by The Maharajah 
of Rat,lain on duly Kith. 

1 Indian Elephant ( Flephas maxImns) , fro 11 1 India, presented 
by The Maharajah of Cooch Behar, K.O.S.I. 

Aves. 

2 Yellow-collared Macaws (Am (mrimpilhi ). from Eastern 
Bolivia, presented by Walter Uoodt'ollow, 1AZ.S., on duly 25rd. 
New to the Collection. 

5 Northern Boatbills (Caucroma zekdoui), from Mexico, pur¬ 
chased on July 9th. 

kept ilia) Ikdracbm , Pisces. 

2 Indian Cobras (JVaiw fripndkms ), I Jlamndrynd (Xm«- Inm- 
(/arus). 2 Russell’s Vipers (Viper a russefU), and l Handed Krait 
{ Bnnga-i ‘us fascial us ), from India; purchased on duly Kith. 

August. 

The registered additions to the Society a Menagerie during 
the month of August were 144 in number. Of these 57 wore 
acquired by presentation, 73 were deposited, 24 were purchased, 
8 were received in exchange, and 2 were horn in the Menagerie. 

The following may be specially mentioned ; - 

- Blaek-and-White Gnerezas (Oolohrn ubi/ssinicuti), from the 
Lot:uka. District, Mougalla Province, S. Soudan, presented by 
Capt. W. R. Barker on August 1st. 

2 Leopards (Felts jxmlm) and 1 Baboon (Paplo cmiiMs), from 
Southern Nigeria, presented by A. E. E. M urray on August 19th. 

2 Boddaert’s Squirrels (Ccdloscitirus notatus), from Java, 
purchased on August 12th. 
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2 Hollared Sunbirds ( A.nth(\thr*:pb.\ s* colfttrv s), new to the Collec¬ 
tion, from Natal, presented Ivy Harold Millar on August 2nd. 

2 Brazilian Dariamas ((\ (Hama crixtatu). from Morro Velho, 
Hra7.il, presented by Heorgo (dia.lmers, (AM .Z.S. 

2 Dnudin s Vipers i Yipera lo.hr thin), now to the Collection, from 
Algeria, deposited on August llM.li, 

September. 

idle registered additions to the Society's Menagerie during 
the mouth of September wunv 158 in number. Of these 105 
were acquired by presentation, 28 were deposited, 9 were pur¬ 
chased, 4 wore received iti exchange, and 12 were born in the 
Menagerie. 

The. following may he specially mentioned : — 

b Polar .Hoars (\Tfailuretm warif units), $ 5 , from Greenland, 

purchased on September 1st. 

1 Bosnian's Potto (Porodkiicus potto), from Ashanti, presented 
by Mrs. Bedding!on on. September 22nd. 

1 Kallir Mongoose {Mongos va[Yer), from Jkirun, S. Nigeria., 
new to the Collection, presented by It. M. .Lapage, Esq. 

1 Banded Squirrel ((.■(tllosriurus r tilt'd tttt), from N. Borneo, new 
to the Collection, deposited on September 23rd. 

1 <\ poo n * 1 u si d ed Am n./a m (( dtrgsolis v I rent loops), f rom Cei i tra l 
America, received in exchange on September SMM.h. New to the 
(’oiled ion. 


Dr. P, ChrAJAiEits Mttoiiele, R1J.S., F.Z.S., exhibited a 
Double tailed Lizard, and illustrated his remarks with a series of 
radiographs and Ian tern-slides. 


November 2nd, 1920. 

Sir Sidney K i 1 mime it, K. B. IT, RK.S., Vico President, 
in the Dhah\ 

Mr. B, 1. Pooock, R U.Tl.j JRZ.H., exhibited, on behalf of Mr, 
IT Cmhuard, Urn skin of the groin of an example of Tntgelaphns 
(nwfonh proving the presence of inguinal glands in that Antelope. 


Mr. IT C. Boueenoer, F.Z.S., exhibited, and made remarks 
upon, living specimens of jYetdurus, presented to the Society by 
Dr. A. Willey, RK.S., RZ.S. 
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Mr, T. A. Earns, P.Z.H., gave an account of his recent 
expedition through the forests of Airier in search of (Jnrilla. and 
Okapi, illustrating his remarks with a line series of cimmiafograph 
til ms. 


November IGfcli, 1920. 

. Prof. J. }>. Tfnm, D.Ko., P.R.8., Viiav-President, 
in the ('hair. 

The Hecretarv read the Following Report on the Additions 
to the Society’s Menagerie during the month of October, 1920:.- 

The registered additions to the Society's Menagerie during 
the month of October wore 272 in number. OF these 80 were 
acquired by presentation, 37 worn deposited, Ini were purchased, 
1 was received in exchange, and 4 were born in the Menagerie. 

The following may lie specially mentioned : -- 

1 Maned Wolf (Canin juhatm) and a Oral>~eating Dog (Ctntls 
thorn ), from Morro Vollio, Bruy.il; presented by Mr. George 
Ohalmers, O.M.ZX. on October 18th. 

2 .Bay Duikers ((Vplmlophas ilonatlix) and 1 Maxwell's Duiker 
[U, viCM'iotfli)' from Togoland ; present* d by Dr. Malcolm l>. 11 av 
on October 7th. 

A. collection of mammals and birds from the Bast, purchased 
on October 13th, containing 2 De. Braids Wallabies (Jfaerojaix 
bi'Hnii ), Irom Aru; I Ursine. Tree-Kangaroo (/h.iafroimjas 
wfijmn «), from Northern New Oilmen, and the following birds 
which are new to the Collection : .1 Hula. Island (Wornis {.law- 
procorax Milam six) ; l Black-headed I hitcherd Vmv (Uraofimx 
eaxsieas), from Aru ; I Rosenberg’s Lori keel; ( Trial) ophixxa h 
roH£nhfii'(fi), from Mysore; 1 Mueller’s imperial Fruit*Pigeon 
[(birpophayn from Aru; 1 Pimm Imperial Fruii-Pigeon 

{Ujirpoplna.pl phaat) a.nd 2 Fimseh s I mpennl Fruit Pigeons 
(UarpophaijfiJinncM\ from New Ireland. 


Mr. J. T. (fuNNi nouam, M.A„ F.Z.8., exhibited, and made 
iemarks upon, a. specimen ol the Ijeee^ Trot'hrla^ recent.lv found 
in the Society’s Dardens. 


Mr. lb Martin Duncan, F.Z.H., exhibited, and made remarks 
upon, a series of cinematograph dims, which he had taken of 
animals in the Society’s Gardens, 
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AUdmiUtitutht (jnu'tii^ 025. 
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AnidnhitAUt') 030, 


: Anadreschnajaspidca, 310. 
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Ankoptd'd, 312. 
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437. 
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Az’untH twfilniUi^ 517, 
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BdcUouU, 580. 

Hi ton itMcr kit wits (/.. 8. l.), 055. 
limtimidtBt 508. 

Jjoiilencjerina stormi, 520. 
Bmoht/dijdttiV chidtjhm clmlyhm , 322, 
Jirachi/c/ouia oeukda, 322, 

. ophdia, 322. 
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( 'ft InrotfulH jit t Htt", ill 2, 
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, C/adoUera, 307. 

< '/(uidcs lafierps , 43S. 

( 1 lttpeida\ 324. 

Caetinvlfa rarialdhe, 4KT. 

Ca'Lmturulu, 5<S3. 

Co'liat'ia horn trusts, ,331. 
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i - ntaurosHyma, ,353. 
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j —. oufoyesima, ,333. 
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| Cold ms a htpdi ! <uts (/.. s, 654. 

| Ctmnoehalrs at ojnlndtts, 4,37. 

| ('opera a/omarks 534. 

| < f onluliinm, *317. 

| Craefieas uttssiens (z, s. i*,), 030. 
j f 'rat ilia liavafa, 321, 

j . 

('rheerts itsparayi, 480, 

Cround it us uafaphratius, 419. 

- - nil at leas, 419. 

• siantentis (/„ b, ?„), 439, 

1 < 'moothem is set villa, 325. 

( Vy/ 1 /;/< thru nuh as , 049. 

('ytioiermu /madam ,521. 

Cyulopitltf\ 500. 
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('ypridm, 504. 

Cyprhmln, 325, 

CyprinodoiUidm, 526, 
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Da phnidm, 567. 

Ih'HifmfiifjH;'' arsinas (z. s. i,.),050. 

Dread at la nryi/roidrs, .‘>,'12. 

DichcUmirma horridinn, -UHL 
Di placodes tridu/is, 323. 

Diplotrisena diucae, sp. u„ DDL 
Jhr India la, 502, 

-—- triumph, 499. 
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DDL 
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Ihdops ranarum, 504. 

Dorytaimm macrolaimus, 577. 
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ABSTRACT OF THE PROCEEDINGS 

op Tin? 

ZOOLOGICAL SOCIETY OF LONDON.* 

October 19tli, 1920. 


Proi. III. \V. MAolbu.DK, F.R.S., F.Z.S., Vice-President, 
in the Chair, 


Tim Sk(. ( i?,ktahv read a, Report on the Additions to the Society’s 
Mimagurio during the months of Juno, July, August, and 
September, 1920." 

Dr. L\ Chalmers Mitchell, F.R.S., exhibited and made 
remarks upon a .Double-tailed Lizard, 


Dr. K, IL Hankin', M.A., communicated his paper “Observa¬ 
tions on the blight of Flying-Fish os.” 


In the absence of Dr, W. N, F. Woodland, a resume of his 
paper “ On some Results of ligaturing the Anterior Abdominal 
Vein in the I ndian Toad (JJufo stomatims) ” was given by Sir 
S. F, 1 1 ARM EE, F,R,S, 


* This Abstract is published by the Society at its offices, Zoological Gardens, 
.Regents Park, N.W., ou the Tuesday following the date of Meeting to which 
it refers. It will, be issued, along with the ‘Proceedings,’ free of extra charge, 
to a,li Follows who subscribe to the I’ublieations; but it may be obtained on the 
day of publication at the price of /Sixpence, or, if desired, sent post-free for 
the suns of Six ShUtiny* per annum, payable irx advance. 




Prof. MAXWEfjfj Lurries', P./.S.. e<*muinnic;acd a pap,*r bv 
Mr. 0. O 0 TTMUMI 4 I 4 on *• 'Pin* Life I list* »ry and i in I ni s »-=V Mir 
Yellow Dung-Ply: a. Blow-Ply Chert/’ 


The next Meeting of the Society for Scientilic Ihiwiness util 
he held on Tuesday, November 2nd, 1020, at 5.30 sen., when the 
following communications will be made:— 

J. H. Lloyd, M.Xe., R/.S. 

Some Observations on the St ructure and LHV-H islnri of the 
Common Nematode of the Doglish (>S ■ct/flhnu m turning 

Mrs. 0. A, Mer ritt IIa\vkj*;s, M.Kc., RSr. 

Observations on the .’Lite-History, Biology, and Counties of 
the Lady-bird Beetle, Adalkt hipnnckda MulsauL 

Hartj Ram Mriuia, M.Se. 

On the Sexual Phase iu certain Indian Naididu* (fV/gorvVo /n). 
E, A. Barnes. 

In the Land of the Conlla, and Okapi. 


The following Papers have boon received :.- 

~Wm, A. Ounninoton, M.A., Ph.l)., RR S, 

Ihe l<auua oS the Alriea.u Lakes: a. Study in Comparative 
Limnology, with special reference to Tanganyika, 

Henry E. Carter, 

Description of the Adult, Larval, and Pupa l Stages of a new 
Mosquito from Lord Howe island, South PaciJle. 

(1 F, Sonntau, M.D., Clh. lb, E,RS, 

The Comparative Anatomy of Uw Toques of the Mam- 
niaiia.—IL Pam. Simiidie. 




].i. 1 iouiiisNtiHit, M.A., i).Kc., PHS* 

I^iI m.i-I i<I Worms Worn Mammals and Birds in the Society’s 
Ca,nlens, UHi Jilin. 

Aji < ’ 1 j STA A RN n \(! K (hi HIST! I]- Us N D 10 . 

Cn Urn Unproductive Organs of the Aseidian KvhenthaUa 
horailix ColtschaJdt. 

E, 1 lorn 1 'tjsox, D.K.O., M.A., M.B., F.Z.S. 

Uncords nf Birds which have bred in Captivity. 

S. i\I ON< !K r roN ClM'KM.VN, M.D., F. U.S. 

Note on the Capture of a rare Parasitic Ply, llammomyia 
( Iljfiephilu) iuiilinmta Zott, on Primrose Hill, 

E. 1 »iiKiNmou> Jones, F.Z.S., F.E.S. 

JInscriptions of New Moths from South-east Brazil. 

O. M. S^WATsoyr. 

The Basis of Classification of the Therlodontia. 


The Publication Committee desire to call the attention of 
those who propose to oiler Papers to the Society, to the great 
increase in the oust of paper and printing. This will render it 
necessary for the present that papers should he condensed, and 
he limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
he addressed to 

P. CHALMERS MITCHELL, 

Secretary, 

Zoor.nuu-;\n Society or London, 

IHuunt’k Baku, London, WAV, 8. 

oMw mb, 11120 . 
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ABSTRACT OF THIS IMtO(JI5KI)INUR 

OF THE 

ZOOLOGICAL SOCIETY OF LONDON.* 

November 2nd, 1920. 

Sir Sidney P. 11 Ait m Kit, K.lt.E., P.R.S., Y r ice-Preside nt, 
in the Uhair. 


< So him absence of Dr. A. Willey, F.E.S., F.Z.R., a rPmm(> of 
his communicnTrion, u A Note on the Respiratory Movements of 
d i'Hurm ami < 'rt/pfohrtrncfmft," wasgivon by Mr. E. U. Lou lender, 
F.Z.S., wlin also exhibited living specimens of iVwtvrus, presented 
to Mu* Society by Dr. Willov. 

in tlm absence of the Author, IV!r. J. IT. Lloyd. M.Sc., F.Z.S., 
bis paper on “ Some Observations on the Structure and Life- 
History of the Common Nematode of the Dogfish (tici/Mima 
can fan!a) ” was taken as read. 

In the absence of IVlrs. 0. A. Mekjutt ITawkes, M.Se., B.Se., 
a. rhuimr of her paper, “ Observations on the Life-History, 
Biology, and (<o unties of the Lady-bird Beetle, Adnlkc bqmuctata 
i\lulsa.ntA was given by Mr. F. Martin Duncan, F.Z.S. 

Mr. It. I. I*odoi!K. P. 1.1.S,, F.Z.S., exhibited, on behalf of Mr. 
SC OMfiitAith, the skin of the groin of an example of Trmj^hcphus 
hif.Honq proving (die presence of inguinal glands in tint Ante dope. 

In the absence of the Author, Prof. Hard Ram Mehiia, M.Sc., 
Ins paper, “On the Sexual Phase in certain Indian IS aid kite 
((ilitioo/totiia)” vva,s taken) a.s read. 


* This Ahstrnel iw published by the Society at its offices, Zoological Gardens, 
Kcgcui’s Lark, N.W.. on the Tuesday following the date of Meeting to which 
if refers. It will lie issued, along with the ‘Proceedings,’ free of extra charge, 
1 o ;$.l I Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of SU-paiM, or, if desired, sent post-free for 
the sum of Mu ShUli-nys per unman, payable in advance. 



Mr. T. A. 15 a 11 . M's, IL/j.S., gave an account <o is is f< rent <*>; 
pod it ion through I -1 u ‘ forests ol‘ Africa in .irmvlMif Gnrilhi ;m,| 
Okapi, illustrating his remarks with a lino sene;-. »»f euirmsto' 
.graph films. 


The next Mooting of the Society for Scientific liumuess will he 
lush] on Tuesday, November idth, HL>0, of 5,30 r.n., when the 
following communications will ho made 

' The SigniiET ATtY. 

h-eport on the Additions to the Society's Memmerie during 
the month, of October. 

Wm. A, Oitxxinotox, M.A ., Pli.!>., F.X.S, 

The Jbaunii of the African Lakes; a. Study in ('ntunn native 
Limnology, with special reference to Tanganyika. 

Henry F, Carte it. 

.Descriptions of the Adult, Larval and hipnl Stages of a, new 
Mosquito from Lord Howe island. South Pacific, 

C, Tj, F>onnExnEtt, M.A., Th Sc„ F.Z.S. 

hilariid Worms from Mammalia, and Hinds in (.he Society's 
Cardens, HM4rHHr>, 


The following Fa,pars have hoen received;- 
(J. F. Soxxtao, M.D., (JhJL, K\&K. 


The Comparative Anatomy of 
madia.— {],. Family Simihke, 


Tongues of the Mam 


QO 

AltUUSTA ARNBAOK CmuSTIK- LfKDE. 

On t,lie Reproductive Oi^uw ol' 1:1m Awidinn 
boreahs Gotfcschaldfc. 


A ii Li'M tin ilia 


S. Moxckto n CororAK, M.1L, FV1LS, 

UMM^T^Vt " 'T VM ' W "’ l - v > 

ytepftda) imlmmkt Zelt, on Frimrose Hill. 




It. S')uiaN r i'Mr.X[> Jonkk, E.Z.S., 1LE.S. 

I Ascriptions of New Moths from South-East Brazil.' 

1). M. S. Mj\T soN^ 1f..Z.S„ 

The Basis of Classification of the Theriodontia. 

H. P. 1J VAltOVIC k 

Tilt*.Geographical I Hstribuhion of Orthopterous Insects in 
the Caneases and in Western Asia. 

l\lissJOAK 1>. PltOCTlfllt, F.Z.S. 

On the. Variation of the Scapula in the Arjlmsa and the 
./hvv/Ovn 

K. <{. IIoijlmnokii, K.Z.S. 

Idxperimcuts on Colour-changes of the Spotted Salamander 
(Sida/htHidm maetdom), conducted in the Society’s Gardens, 


The Publication (Jonmiitbee desire to call the attention of 
those who propose to oiler Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
necessary for the present that papers should be condensed and 
be limited so far as possible to the description of new results. 


Oniumumeatiious intended for the Scientific Meetings should 
bo addressed to 


P. OilALMEItS 


MITCHELL, 

Secretary. 


XonhunioAi, Sour mtv or London, 

1 1 K<! M V Ps 1' A ,1 {K, Lo N D< > N, N, VV. 8, 
Nowm.fivr i HU, 11120. 
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ABSTRACT OF THE PROCEEDINGS 

OF THE 

ZOOLOGICAL SOCIETY OF LONDON.* 

November 16th, 1920. 


Prof. J. P. Hill, D.ttc., F.R.S., ‘Vice-President, 
in the Chair. 


The Secretary rend a Report on the Additions to the Society’s 
‘Menagerie during the month of October 1920. 

Mr. F- Martin Duncan, F.R.M.S., F.Z.S., exhibited and made 
remarks upon a series of cinematograph films, which he had taken 
of Animals in the Society’s Gardens. 


Mr. J. T. Cunningham, M.A., F.Z.S., exhibited and made 
remarks upon a specimen of the Leech Trocheia, recently found 
in the Society’s Gardens. 

Dr. W, A., Ounnington, M.A., F.Z.H., gave an account of his 
paper on the <fc Fauna of the African .Lakes, with special reference 
to Tanganyika. 1 ’ After >'ofemng to certain physical and geo¬ 
logical features which ha\ * a hearing on the subject, the nature 
of the various animal forms inhabiting the lakes was dealt with. 
Tanganyika was shown to have a very distinctive fauna, in that:— 
(1) it includes many .more different types than any of the other 


* This A bat met, is published by the Society at its o dices, Zoological Gardens, 
Regent's Park, N.W., on the Tuesday following the elate of Meeting to which 
it refers. It will be issued, along with the ‘Proceedings,* free of extra charge, 
to all Follows who subscribe to the Publications; but it may be obtained on the 
day of publication at the price of Sixpence, or, if desired, sent post-free for 
the sum of Six Shillings per annum, payable in advance. 
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lakes, (2) an extremely large proportion of them are not found 
elsewhere, (3) certain forms (notably (husteropodn.) are considered 
to have a, marine-like appearance* The view previously put; 
forward which regarded the la.kc as the remains of an old Jurassic 
sea was considered untenable, since many of the types thought to 
be marine and primitive belong to essentially fresh-water groups 
and show signs of specialisation. The Jurassic hypothesis proves 
likewise incompatible with recent geological evidence. After 
discussing various other theories, it was suggested that Tan¬ 
ganyika probably owes its remarkable organisms to a prolonged 
period of isolation—coupled, perhaps, with the effect of an 
increased salinity which isolation would involve. 

In the absence of the Authors, Mr. Henry F. Carter’s paper 
on kk Descriptions of the Adult, Larval, and Pupal Stages of a 
new Mosquito from Lord Howe Island, South Pacific, 1 ’ and Prof, 
0. L. Houlenuer’s paper on 4 ‘Filariid Worms from Mammalia 
and Birds in the Society’s Cardens, 1914-1915,” wore taken as 
read. 


The next Meeting of the Society for Scientific Business will 
he held on Tuesday, February 8th, 1921 , at 5.30 p.m. 

A notice stating the Agenda for that Meeting will be circulated 
early in February. 


The following Papers have been received - 

a F, Sqxxt,ue MVD„ dull, RZ.8 . 

The Comparative Anatomy of the Tongues of the Mam¬ 
malia.—II. Fam. Simiidao 

GO 

Aug r sTA Aits tuck Cinus Ti b-Linde. 

Oil the Reproductive Organs of the Ascidian Kukeirtiudia 
borealis Gottsehald t. 



S. Montkton Copuman, M.T) f , F.Il.S. 

Note on the Capture of a rare Parasitic Fly, JJammomi/ia 

(Ih/li'.phila) M/iilinmki Zett, on Primrose Hill. 

KJ h'.iuwmA) Jpnks, B.Z.S., F.E.S. 

I inscriptions of New Mot]is from South-East Brazil. 

? >. M. S. 'Watson, F.Z.K. 

The Basis of Classification of the Theriodontia. 

B. P. 1'VAltOV. 

The Geographical Distribution of Orthopterous Insects in 
the Caucasus and in Western Asia. 

Miss Joan B. Proctor, F.Z.K. 

On flic Variation of the Scapula in the Batrachian Groups 
Atflomi ami Arclfem . 

hh G. Boumonunr, P.Z.S. 

Kv perinmnfs on Colour -changes of the Spotted Salamander 
(Salanutndm maculosa), conducted in the Society's Gardens. 

J. St i mn unsun, D.Se., F.Z.S. 

Morphology, Classification, and Zoogeography of Indian 
Oligochieta.— L The A (Unities ami Systematic Position of the 
Genus HmlU'hmjtixfar Mdilsn., and some related Questions, 
'll. On Polyphyly iu the Oligoclunta. III. Some general 
Considerations on the Geographical Distribution of Indian 
(Hig<M'iueta. 

B, Broom, D Sc., F.R.S., O.M.Z.S. 

On the Structure of the Reptilian Tarsus. 

Cuws, F, Sonntau, iM. D., rih.lt, F.Z.S. 

A Contribution to the Anatomy of the Threo-toed Sloth 
{lo'udjipns It'idaHt(lus)* 

\V. T. < - A oma n , P.Kc„ F.Z.K. 

Motes on 'Murine Wood-boring Animals.—-II. Crustacea. 


Tim Publication Committee desire to cull the attention of 
those who propose to oiler Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
necessary for tho present that papers should be comic,used and 
be limited so far as possible to the description of new results. 
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Communications intended for the Scientific Meetings should 
be addressed to 


P. tHIA.LMWS.tS MITC.V1SKLU 

Secretary, 


Zoological Society of London, 

Regent’s Pauk, London, N.W. 8. 
November 23rd, 1920. 
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his book can be issued on or before...., 
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